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PREFACE 

The  tenn  Useful  Mbtals  is  applied  in  the  present  Tolnme  to  distingniah  it 
from  the  noble  or  Pkecious  Mstals  ;  it  also  indicates  with  sofficient  exact- 
ness, ihe  metals  applicable  to  ordinary  industrial  purposes,  embracing  Iron, 
Copper,  Tin,  2Iinc,  Antimony,  Lead,  and  their  various  alloys.  In  treating 
of  these  metals  and  the  chemical  principles  which  influence  their  con- 
version, the  Editor  has  been  fortunate  enough  to  obtain  the  assistance  of 
writers  qualified  from  their  connection  with  Metallurgio  Science,  and  with 
practical  working  in  metals,  to  do  ample  justice  to  their  respectiye  subjects. 

In  <»:der  that  these  gentlemen  may  be  responsible  only  for  their  own 
statements,  and  that  the  reader  may  have  sufficient  authority  for  the  seyeral 
processes  and  principles  described  and  explained,  ^  few  remarks  are  here 
necessazy. 

For  the  Chapters  on  Metallurgic  Chemistry  and  Assaying,  the  Editor  is 
indebted  to  Dr.  Sco£Eem,  who  has  furnished  the  first  four  chapters  of  the 
work,  and  for  these  only  is  he  responsible. 

The  Chapters  on  Mining,  Mining  Ventilation,  and  Jurisprudence,  were 
written  for  the  work  by  a  Goremment  Inspector  of  mines.  The  space 
reserved  for  these  chapters  was  necessarily  very  limited  and  the  subjects 
treated  with  brevify ;  but  brief  as  they  are,  it  is  believed  that  if  the  rules 
here  laid  down,  were  more  rigorously  adopted  in  coal  and  other  mines,  such 
catastrophes  as  we  have  lately  had  occasion  to  deplore,  would  become  all 
bat  impossible. 

The  Chapters  on  Iron  and  the  several  processes  used  in  its  Conversion, 
have  been  prepared  by  Mr.  Truran,  C.E.,  author  of  the  "  History  of  British 
Iron  Manufacture,"  and  for  many  years  engineer  at  the  Dowlais,  Hirwain, 
and  Forest  Iron  Works  under  Sir  John  Guest,  and  Mr.  Crawshay.  It  is 
necessazy  to  add  here  that,  Mr.  Truran  is  not  answerable  for  the  papers  on 
the  recently  patented  processes  described  in  Chapter  XIV,  nor  for  the 
opinions  expressed  respecting  them. 

In  describing  the  manipulative  processes,  we  are  indebted  to  Mr.  Clay 
of  the  Mersey  Iron  and  Steel  Works,  for  the  processes  and  tools  necessary  for 
working  Malleable  Iron  in  large  masses,  including  the  details  connected  with 
the  large  Wrought^Iron  gun  presented  to  the  Nation  by  that  Company,  of 
which  Mr.  Clay  is  the  Manager. 
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For  the  paper  on  Steel  manufacture,  the  Editor  is  indebted  to  a  gentle- 
man  of  great  practical  experience,  who  wishes  to  remain  unknown.  It  is 
but  justice,  however,  to  this  gentleman,  to  state  that  he  is  neitlier  re- 
sponsible for  the  opinions  expressed  respecting  Heath's  and  other  patented 
processes  named;  nor  for  the  statements  respecting  Mr.  Huntsman's  dis- 
covery of  Cast-Steel,  these  details  having  been  communicated  through 
another  channel. 

The  application  of  Iron  to  the  purposes  of  Ordnance,  Machinery,  Bridges, 
and  to  House  and 'Ship  building,  by  Wm.  Fairbaim,  F.R.S.,  wiU  be  read  witli 
interest;  Mr.  Voso  Pickett's  summary  of  his  New  System  of  Iron  Archi- 
tectilre,  is  also  a  subject  to  which  public  attention  is  not  unlikely  to  be 
more  particularly  directed. 

The  Chapters  on  Iron  working  for  Use  and  Ornament,  and  the  Manipu- 
lation and  Construction  of  Ornamental  Iron- work,  by  Mr.  W.  C.  Aitkin,  of 
the  Cambridge  Works,  Birmingham,  will  be  found  worthy  of  the  attention 
of  the  practical  reader. 

The  Chapters  on  Copper,  Tin,  Zinc,  and  Antimony,  are  by  Mr.  Oxland 
of  Plymouth,  with  the  exception  of  the  portions  on  Copper  and  Tin  Mining, 
which  are  partly  by  Mr.  Truran,  and  partly  by  Mr.  Oxland. 

It  was  intended  that  this  volume  should  conclude  with  a  paper  on 
Lead  from  the  pen  of  Dr.  Richardson ;  but  at  his  suggestion  it  has  been 
determined  to  postpone  this  paper;  the  intention  now  being  that  Dr. 
Bichardson  in  connection  with  Mr.  Sopwith,  C.E.,  manager  of  the  Allen- 
head  Lead  Works,  should  prepare  a  coihplete  and  comprehensive  treatise 
on  the  subject,  embracing  all  the  modem  inventions  connected  with  this  im- 
portant metal,  and  treating  of  it  in  connection  with  silver,  with  which  it  is 
80  constantly  found  in  nature.  The  short  treatise  now  given,  therefore,  is  a 
compilation  for  which  Dr.  Bichardson  is  in  no  respect  responsible,  and  is 
only  added  in  order  that  so  important  a  metal  should  not  seem  to  be  over- 
looked in  a  volume  treating  of  the  "  Useful  Metals." 


Amen  Corkeb,  PAXKRNodTEn  Row, 
July,  1857. 
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THE  nSETUL  METALS  AND  IHEIE  ALLOYS. 


Is  adopting  the  title  "  useful  metola "  as  a  basis  uf  classifi cation,  a  casual 
mrvej'  of  the  materials  concerned  is  aloue  necessary  to  render  evident  the 
cODveDtional  nature  of  the  term.  To  affirm  that  aU  the  metals  are  useful,  is 
otdy  to  narrow  the  universal  proposition  that  everjlliing  which  God  has  made 
»  Dseful :  various  evident  degrees  of  utility,  however,  there  are  in  all  created 
things ;  and  especially  does  this  remark  apply  to  metals.  Wo  anticipate, 
Ihcrtfore,  but  httle  difficulty  in  effecting  a  division  of  this  subject. 

In  every  treatise  of  technical  import,  some  kind  of  practical  classilication  is 
i&Talved ;  and  in  a  matter  of  such  universal  interest  as  the  metals,  it  appeared 
to  the  editors  of  tliis  volume  that  monographs  on  the  "  luffiil"  metals,  dealt 
with  by  practical  men,  would  come  before  tlie  world  with  signiAcauce  enough 
to  command  attention  in  this  pre-eminently  metallic  age. 

By  no  means,  however,  is  it  to  be  sup^wscd  that  we  regard  tlie  metals  ex- 
eluded  from  this  class  as  useless.  On  the  eontrnry,  we  hope  to  deal  wiUi 
them  hereafter  in  a  way  that  shall  vindicate  the  division  ve  \i»Q  B;3i<^\j^-, 
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wliile  we  exercise  the  same  supervision  on  their  treatment,  and  the  same 
conscientiousness  of  selection,  as  to  authorsliip,  which  have  been  brought 
to  bear  on  the  production  of  the  monographs  about  to  be  submitted  to  public 
notice. 

The  principles  which  have  been  adopted  for  the  guidance  of  the  editors 
should  be  here  explained.  They  are  somewhat  peculiar ;  and  therefore  some- 
what novel.  Social  circumstances  have  worked  amongst  other  social  changes 
a  division  of  persons  into  those  who  ^Tite  books  and  Uiose  who  do  not.  Cer- 
tain facilities  of  acquaintance  with  the  heads  of  a  subject,  and  a  corresponding 
readiness  in  turning  it  into  presentable  shape,  have  been  adopted  as  a  pro- 
fession. The  art  has  been  cultivated  of  putting  facts  into  shape  by  persons 
often  ignorant  of  the  significance  and  ramifications  of  tliose  fiicts ;  thus  con- 
stituting the  art  of  book-making  as  distinguished  from  the  art  of  fact-teaching 
by  books.  It  appeared  to  us,  tliat  the  art  had  been  carried  too  far  for  the 
interests  of  true  scientific  instruction — ^tliat  a  store  far  too  great  had  been  set 
upon  the  blandislimeuts  of  literary  style  in  matters  purely  utilitarian,  and 
that  if  choice  there  needs  must  exist,  between  a  truth  inelegantly  told  by  a 
practical  man  who  knew  the  import  of  that  truth,  and  who  told  it  whilst  yet 
under  tlie  force  of  its  inspiration,  and  of  another  who,  without  any  practical 
acquaintance,  could  urge  no  better  claim  to  appreciation  tlian  mere  literary 
style,  the  former  alternative  should  be  chosen.  We  detenuined,  therefore,  to 
have  nothing  to  do  with  any  but  practical  men ;  and  in  the  preparation  of  the 
forthcoming  pages  that  determination  has  been  worked  out. 

It  is  but  just  to  mention  these  peculiarities  in  tlie  system  on  wliich 
the  present  volume  has  been  initiated,  and  on  wliich  its  successors  will  be 
continued.  A  perusal  of  the  monographs  now  before  us  justifies  the  im- 
pressions under  which  that  attempt  was  made ;  and  tlie  names  of  the  autiiors 
pledged  to  the  remaining  papers  will  doubtless  extend  the  justification. 

The  VsefU  Metals  and  Metallic  Ores  Defined. — Of  sixt^^-two  simple 
or  elementary  material  bodies,  no  less  than  forty-one  or  forty-two  are  metallic* 
We  shall  not  enter  upon  the  characteristics  which  serve  to  define  a  metal- 
that  more  especially  belongs  to  the  functions  of  a  chemical  treatise,  and  has 
already  been  done  in  our  volume  on  Chemistry,  in  the  Circle  of  thb 
Sciences  ;  but  taking  it  for  granted  tliat  the  attributes  of  a  metal  are  suffi* 
ciently  well  agreed  upon  for  popular  use,  we  shall  proceed  to  oflfer  a  few 
general  remarks  on  their  useful  properties,  of  which  rigidity,  cohesion,  tena- 
city, and  dm-ability  are  the  most  remarkable,  although  many  more  are  con- 
joined in  variable  degrees. 

The  ancients  were  only  acquainted  v,-iih.  seven  metals,  whereas  we  know 
of  forty-one  or  forty-two ;  nevertlielcss  those  now  in  most  general  requisition, 
and  to  wliich  the  appellation  "  useful  metals"  most  peculiarly  belongs,  were  all 
known  to  the  ancients.  Methods  of  working  them,  however,  and  new  sources 
from  wliich  to  obtain  them,  have  multiplied  so  much  in  modem  times,  as 
almost  to  rank  in  importance  with  the  discovery  of  the  existence  of  a  new 
metal. 

Metals  are  either  found  native — that  is  to  say,  in  the  condition  of  obvious 
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tnetanic  existence — or  they  are  combined  with  other  substances,  so  as  to  lose 
ill  obyious  evidence  of  their  metallic  constitution.  The  latter  condition  is 
)j  fiur  the  more  freqnent ;  and  to  this  fact,  more  than  any  other,  the  con- 
lecutive  history  of  special  metaUic  discovery  is  attributable.  This  circum- 
(tanoe  leads  us  to  an  important  chemical  consideration,  having  reference  to 
he  comparative  tendencies  of  different  metals  to  combine  with  the  non-me- 
jiUic  elements,  and  to  lose  by  such  combination  their  obvious  metaUic  form. 
Fhe  term  **  noble  metals,"  though  appUed  to  gold  and  silver  in  ages  when 
he  principles  of  chemical  science  were  unknown,  have  nevertheless  a  positive 
;hemical  significance.  Modem  discovery  has  added  platinum  to  the  list ;  and 
they  all  agree  in  the  property  of  being  very  slow  to  combine  with  any  foreign 
aiaterial  save  other  metals.  Hence  it  is  tliat  they  are  so  frequently  foimd 
(gold  and  platinum  almost  universally)  in  the  native  or  inetaUic  state, — ^united 
frequently  with  other  metals,  it  is  true,  but  still  exhibiting  the  metallic  aspect. 
If  the  noble  metals  existed  in  larger  quantity — offered  equal  facihty  for  working 
them,  and  equal  hardness  after  being  worked — their  slowness  to  unite  with 
oxygen  would  render  them,  more  than  all  others,  deserving  of  the  appellation 
of  **  useful  metals ;  *'  but,  being  deficient  in  these  qualities,  notwithstanding 
their  nobility,  they  must  yield  the  palm  to  iron,  tin,  copper,  zino,  and  lead, 
in  the  first  instance,  and  perhaps  to  mercury,  quicksilver,  and  bismuth  also, 
seeing  the  various  applications  of  these  metals  to  the  useful  arts  of  Hfe. 

llie  progress  of  metallurgy  and  of  smelting  operations  demonstrates  how 
great  may  be  the  advance  of  arts  based  upon  scientific  principles,  without 
these  principles  being  understood.  The  production  and  utilization  of  metals, 
is  intimately  allied  with  chemistry ;  and  deriving  such  immense  advantages 
from  the  application  of  chemical  principles  at  this  time,  it  is  extraordinary  to 
reflect  on  the  comparative  excellence  to  which  the  art  of  working  several 
useful  metals  had  arrived  before  the  aggregation  of  chemical  facts  and  prin- 
ciples to  which  the  denomination  "  science  "  is  alone  justly  due,  had  dawned. 
Chemical  science  may  be  indeed  said  to  rest  on  an  historical  basis  of  metallur- 
gic  aspirations  and  metallurgic  empiricism. 

Coeval  with  the  earliest  historical  records,  some  metals  were  worked,  and 
the  operations  of  working  involved  the  influence  of  chemical  laws  ;  yet  the 
inmplest  principles  of  chemistry  had  not  then  dawned.  At  later  periods  it 
was  alchemy — the  vague  hallucination  of  making  gold — ^which  prompted  men 
to  undertake  investigations  fruitful  of  chemical  deductions,  to  be  marshalled 
into  a  science  hereafter.  Metallurgy,  tlien,  may  justly  lay  claim  to  be  con- 
sidered the  fountain  source  of  chemistry ;  and  the  subsequent  development 
of  the  science  to  the  art  might  supply  the  theme  of  argument  in  favour  of 
empiricism  over  intellectualism,  if,  at  various  periods  witliin  the  last  two 
hundred  years,  tlie  miner  and  the  metallurgLst,  by  their  devotion  to  che- 
mistr>'.  and  the  chemist  by  his  successful  laboui*s  in  the  practical  fields 
of  mining  and  smelting,  had  not  demonstrated  how  mutual  is  the  relation 
between  theory  and  practice — ^how  inseparable  for  good — ^how  redundant  of 
advantages  the  one  to  the  other.  Metallurgy  (accepting  the  word  in  its  most 
extensive  signification)  derives  its  best  processes,  and  not  Tmfxeq)ieiii\l^  \V& 
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best  practical  aids,  from  a  due  appreciation  of  chemical  principles.  And, 
on  the  other  hand,  the  mere  theoretical  chemist  derives  a  useful  lesson  of 
the  necessity  of  checking  his  theoretical  deductions  by  facts,  as  they  are 
found  to  be,  by  attending  to  some  of  the  teachings  of  metallurgy.  Several 
metaUic  operations  there  are,  the  success  of  which  is  at  variance  with  all  the 
tlieoretical  indications  of  chemistry.  *'  Corpora  non  agunt  nisi  Jiuida'*  was  a 
chemical  dictum  of  received  universality ;  nevertheless,  the  practice  of  anneala- 
tion,  or  the  conversion  of  iron  into  steel  by  combination  with  carbon,  is  a 
practical  refutation  of  the  luiiversaUty.  This  process  consists  in  the  heating 
togetlier  iron  bars  and  wood-charooal  in  a  suitable  furnace.  Both  iron  and 
carbon  are  here  brought  togetlier  in  the  solid  state ;  both  may  be  said  to  be 
devoid  of  volatility — and  almost  of  liquidity ;  nevertheless,  in  violation  of  the 
formerly  received  canon,  combination  ensues,  and  steel  is  made.  A  similar 
disaccordance  between  the  indications  of  theory  and  the  teachings  of  practice, 
is  illustrated  by  the  hot-blast  operation,  introduced  some  years  ago  in  the 
practice  of  iron  smeltuig.  On  tlie  other  hand,  chemistry  illuminates  rnanv 
dark  recesses  in  the  field  of  metallic  empiricism,  and  points  to  facts,  the 
existence  of  which  would  not  have  been  suspected. 

It  is  unnecessary,  however,  further  to  expatiate  on  the  advantages  which 
the  metal-worker  derives  from  a  knowledge  and  application  of  chemical 
theory, — the  connection  being  now  admitted  by  none  more  readily  than  by 
the  practical  metallurgist. 

Metalliurgy  of  Antiquity. — In  illustration  of  the  mutual  dependences 
of  a  branch  of  practical  metallurgy  and  chemical  science,  it  may  be  here  not 
unadvisable  to  anticipate  tlie  contents  of  the  monographs  which  especially 
deal  with  these  metals,  and  to  trace  cursorily  the  various  phases  which  the 
production  of  the  metal  iron  has  undergone.  From  one  of,  several  metalliferous 
sources  this  useful  body  has  been  produced  from,  perhaps,  the  earliest  his- 
torical periods.  True  though  it  be  that  the  ancient  Greeks  at  the  very  earliest 
period  of  their  history  do  not  seem  to  have  been  acquainted  with  Uie  exist 
ence  of,  far  less  the  method  of  working,  iron ;  yet  we  read  of  both  in  Scrip- 
ture :  and  there  is  good  reason  to  believe  that  anterior  to  the  earliest  historical 
record  of  the  Greeks,  iron,  and  the  processes  of  manufacturing  it,  were  known 
in  China,  and  Hindostan.  We  know,  too,  that  immutability  is  impressed  on 
all  the  processes  of  the  East ;  whence  it  is  not  unreasonable  to  infer  that  the 
processes  of  rude  iron  manufacture  now  followed  in  Asia  are  types  of,  if  not 
identical  with,  the  processes  followed  there  in  times  long  passed.  What  are 
these  processes  ?  What  is  their  general  characteristic  ?  What  are  the  prin- 
ciples involved  ?  What  is  the  result  ?  One  general  scheme  of  appliances 
pervades  them  aU.  The  object  is  to  begin  with  an  ore  of  iron  capable  of 
reduction  by  charcoal  fiiel,  and  of  yielding  a  semi-fluid  result  which  the 
subsequent  process  of  welding  fiEishions  into  shape.  Even  in  this  simple 
form  of  iron-smelting  a  good  deal  of  latent  chemistry  is  involved ;  but  ^e 
fullest  acquaintance  with  chemistry  could  not  improve  the  practice  of  iron- 
smelting  as  followed  by  the  Persians  and  Hindoos,  if  limited  to  the  means 
at  their  command,  and  the  ends  proposed  to  be  gained.    The  iron  manufac- 
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ture  of  Cngland,  as  prosecuted  in  blomaries  by  the  aid  of  charcoal  fiiel,  was 
only  a  modification  of  the  Persian  method,  and  conducted  almost  as  empiri- 
caUy.  No  sooner  was  the  practice  of  iron-smelting  by  charcoal  fuel  abolislied, 
and  pit-coal,  or  its  immediate  derivative  coke,  introduced,  than  an  application 
of  chemical  principles  became  necessary.  How  far  these  applications  resulted 
in  empirical  tentative  experiments,  or  in  the  suggestions  of  chemical  teaching, 
it  would  not  be  possible  at  this  time  to  decide  ;  but  the  historian  of  the  iron 
manufacture  has  not  to  pursue  his  labours  much  further  before  the  reaction 
of  chemical  knowledge  on  mere  empiricism  is  made  evident.  Practice  demon- 
strated the  &ct  that  coal-smelted  iron  was  inferior  to  charcoal-smelted  iron ; 
but  practice  could  not  say  wherefore ;  imtil  science  came  to  the  iron-smelter's 
aid,  making  known  to  him  the  composition  of  pit-coal,  proving  that  it  con- 
tained many  foreign  substances,  which  found  their  way  into  the  smeltingiron 
and  injured  its  quality.  Analysis  of  coal-smelted  iron  demonstrated  the  exist- 
ence of  both  sulphur  and  phosphorus  incorporated  with  it — demonstrated 
moreover  that,  eateris  paribus j  the  amount  of  deterioration  of  the  iron  was  in 
direct  proportion  to  the  quantity  of  these  elements  which  it  contained. 

Chemistry  next  began  to  shed  a  light  on  the  nature  and  property  of  fluxes, 
as  showing  how  a  mixture  of  several  iron  ores  might  conduce  to  yield  a  more 
fluid  mass  in  the  furnace  than  any  one  ore  by  itself.  The  next  chemical  glim- 
mering fell  on  the  apprehension  of  Cort,  that  Nestor  of  the  British  iron-trade,  and 
led  to  his  improvements  in  the  processes  of  refining  and  puddling,  the  results 
of  which,  combined  with  the  rolling  aid  devised  by  his  mechanical  genius, 
eventuated  in  Britain  supplying  iron  in  large  quantities  to  other  countries 
from  which  she  had  heretofore  obtained  that  metal. 

8anso«  of  Bsitlsli  XvoH' — ^It  was  our  proposition,  that  as  the  operations 
of  metallurgy  (accepting  the  word  in  its  largest  sense)  came  down  to  our  own 
times,  the  reaction  of  theoretical  chemistiy  upon  its  practical  development 
has  continued  to  increase.  We  now  come  to  deal  with  the  sources  of  British 
iron,  which  may  be  roughly  divided  into  iron  ores  and  clay  iron-stone.  The 
former  exists  in  various  parts  of  these  Isles ;  but  the  latter  assumes  an  enor- 
mous bulk  in  certain  coal-yielding  localities.  Whilst  the  supply  of  British 
wood-charcoal  lasted,  and  before  the  demand  for  iron  became  so  enormous,  as 
tt  has  from  the  beginning  of  the  last  century,  charcoal  answered  its  purpose 
tolerably  weU.  The  iron  manufactured  by  it  resulted  in  small  quantity ;  but, 
by  comparison  with  coal— or  coke-smelted  iron — ^it  was  pure  England,  how- 
ever, in  course  of  time  became  deforested  in  the  neighbourhood  of  the  existing 
iron  works, — the  source  of  wood-charcoal  thus  failed,  and  pit-coal  of  necessity 
was  obliged  to  be  employed  henceforth  for  the  production  of  iron.  Simulta- 
neously with  its  adoption,  the  clay  iron-stone  began  to  supply  the  place,  to  a 
variable  extent,  of  iron  ore.  The  result  was  attended  with  both  advantages 
and  defects. 

Iron  admitted  of  being  obtained  in  enormous  quantities  from  these  sources ; 
bat  it  bad  no  longer  the  purity  of  the  charcoal-iron  of  heretofore.  Not  only  was 
the  quality  of  the  result  deteriorated  by  the  presence  of  impurities  originally 
contained  in  the  ore,  but  other  impnritieSf  especially  sulph\ir,  dexVve^  \ki^\t  \ 
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existence  from  the  coal  or  coke  employed  as  fael.  Against  the  presence  of 
these  impurities  our  iron  manufacturers  have  continued,  in  one  sense,  to 
struggle  up  to  the  present  time.  The  difficulty  of  getting  rid  of  these  im- 
purities, however,  has  not  been  all  to  the  disadvantage  of  our  country.  The 
fact  is  known  even  to  general  popularity,  that  the  only  difference  between 
wrought-iron  and  cast-iron  consists  in  the  relation  between  the  extraneous 
bodies — chemically  speaking,  impurities — in  each,  and  the  results  of  mecha- 
nical action  upon  the  former.  Iron  absolutely  or  chemically  pure  is  &r 
more  rare,  and  more  difficult  to  obtain,  than  absolutely  pure  gold.  It  is, 
indeed,  only  met  with  in  chemical  laboratories,  and  very  seldom  there. 
Wrought-iron,  however,  may  be  practically  considered  as  pure  iron;  and 
cast-iron  as  the  latter  combined  with  some  four  or  five  per  cent,  of  impu- 
rities. That  such  impurities  are  not  prejudicial  to  the  nature  of  iron  for 
every  purpose  and  every  use,  will  be  rendered  sufficiently  evident  by  a  con- 
sideration of  the  products  made  of  wrought,  and  cast-iron,  respectively. 
Wrought-iron  (tliat  is  to  say,  commercially  pure  iron)  is  almost  infusible. 
By  virtue  of  its  malleability  and  power  of  adhesion  imder  the  operation  of 
welding,  it  may  be  fBishioned  into  a  multiplicity  of  useful  forms ;  but  if  any 
person  casts  his  eye  over  the  comparative  number  and  variety  of  the 
products  of  cast  and  wrought-iron  respectively,  and  reflects  on  the  fusible 
quality  which  the  presence  of  certain  impurities  confer,  he  wHl  rise  from  the 
survey  with  the  conviction  that  the  existence  of  these  impurities  in  iron,  and 
the  difficulties  of  evolving  them,  are  not  without  their  advantages.  To  these 
circumstances  we  owe  the  enormous  devolopment  which  the  production  and 
working  into  shape  of  cast-iron  has  attained  in  these  realms ;  so  that  whilst 
we  have  been  necessarily  dependent  upon  the  purer  charcoal  iron  of  Sweden, 
Norway,  and  Russia,  as  the  basis  of  our  steel  and  wrought-iron  for  ex- 
clusive purposes — cast-iron  girders  and  bridge-beams  made  in  this  country 
have  been  exported  to  every  part  of  the  civilized  world. 

Nevertheless,  it  was  desirable  that  the  capabilities  of  this  country  for 
the  manufacture  of  iron  should  not  be  restricted  to  the  operation  of  casting, 
but  that  we  should  be  able  to  abstract  the  four  or  five  per  cent,  of  impurities 
from  the  cast  material,  and  thus  change  it  into  i;vTought-iron.  All  the  con- 
secutive improvements  in  refining  and  puddling  have  hsid  reference  to  this 
end;  but,  notwithstanding  the  comparative  perfection  to  which  these  pro- 
cesses have  been  brought  by  Cort,and  others, — ^notwithstanding  the  mechani- 
cal aids  of  hammering  and  rolling,  by  which  it  was  hoped  that  such  impurities 
as  could  not  be  rendered  capable  of  entering  by  combustion  into  volatile  pro- 
ducts, would  be  mechanically  forced  away, — ^the  problem  had  never  beeiLsolved 
of  abstracting  the  impurities  from  cast-iron,  and  rendering  the  result  equal  in 
quality  to  the  charcoal  wroughtirons  imported  from  Russia,  Norway,  and  Swe 
den.  All  the  chemical  processes  of  iron-purification  hitherto  employed  on 
the  large  scale  had  been  based  on  the  operation  of  bringing  highly-heated 
external  surfaces  of  molten  or  pasty  iron  in  contact  with  atmospheric  air,  and 
renewing  the  surfieuse  as  often  as  the  impurities  which  studded  it  had  been 
burned  away.    The  operations  of  refining  and  puddling  were  designed  with 
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this  object  in  view ;  and  the  operations  of  mechaiiical  extrusion  effected  by 
hamnfteixng,  or  cylindrical  pressure,  were  designed  with  that  object,  and  sue- 
eessfully  brought  up  to  a  certain  point,  for  accomplishing  by  mechanical  means 
that  which  chemistry  alone  was  unable  to  effect 

BttfiaiBg  g»oc— — , — ^Every  person  who  takes  a  passing  glance  at  the 
operations  of  metalluiigy  in  the  aggregate,  cannot  fiail  to  be  struck  with  a 
certain  functional  similarity  between  the  process  of  cupellation  as  applied  to 
separate  ignoble  from  noble  metals,  and  tlie  process  of  puddling,  by  virtue  of 
which  the  impurities  held  by  cast-iron  are  removed  from  tlie  latter.  In  both 
cases  the  general  result  is  obtained  by  passing  a  current  of  air  over  a  highly 
heated  metallic  sur£Bu;e.  The  puddling  process  (for  perfecting  which  the  world 
was  indebted  to  the  ill-requited  Richard  Cort)  consists  in  placing  partly-purified 
iron  in  a  reverberatory  furnace,  and  vigorously  stirring  it  about  so  as  to  expose 
it  to  the  action  of  the  air :  by  which  operation  oxygen  is  rapidly  absorbed,  while 
carbonic  acid  gas  escapes,  giving  the  metal  a  bubbling  and  boiling  appearance. 
As  carbon  escapes,  the  metal  passes  from  a  fluid  to  a  spongy  half-fluid  mass ; 
and  in  this  state  it  is  ready  for  the  puddler.  The  metal  is  collects  at  the 
end  of  an  iron  bar  in  a  ball  or  bloom  of  sufficient  size,  which  is  swung  through 
the  air  and  placed  under  the  forge-hammer,  to  the  crushing  blows  of  which  it 
is  subjected,  being  turned  and  twisted  in  every  possible  direction,  while  sparks 
of  fire  dart  from  the  surfeu^e,  and  liquid  drops  exude  from  the  interior  of  the 
metal. 

This  is  continued  until  the  baU  rings  imdcr  the  hammer,  and  the  liquid 
drops  give  place  to  scaly  masses.  In  this  state  it  is  passed  tlirough  tlie 
rollers,  in  the  grooves  of  which  it  is  drawn  out  and  compressed,  then  doubled 
up  and  rolled,  again  heated,  doubled  up  and  rolled  until  tlie  process  is  com- 
plete. The  new  process,  by  which  the  reader  will  be  at  no  loss  to  understand 
that  we  advert  to  that  devised  by  Mr.  Bessemer,  advances  by  one  step 
farther,  as  it  is  stated,  and  may  be  considered  to  be  a  nearer  approach  to  the 
complete  purification.  By  it  a  current  of  atmospheric  air  is  forcibly  projected 
not  over  but  through  a  molten  mass  of  impure  iron ;  and  it  is  assumed 
that  by  the  chemi<^  operation  of  this  atmospheric  blast,  such  impurities 
as  are  at  onee  combustible,  and  the  volatile  results  of  combustion,  will  be 
expelled. 

Now  the  combustible  extraneous  matters  are  for  the  most  part  carbon, 
sulphur,  and  phosphorus.  The  results  of  combustion  of  tlie  first  Trill 
eridently  be  carbonic  acid  and  carbonic  oxide,  both  volatile ;  of  the  second, 
sulphurous  add,  also  volatile ;  of  the  third,  phosphoric  acid,  not  volatile.  The 
theory  of  the  process  is  based  upon  the  idea  of  removing  the  impurities  by 
heat  developed  from  their  own  combustion,  instead  of  employing  other  com- 
bustibles, themselves  holding  impurities. 

A  more  beautiful  and  more  immediate  application  of  chemical  knowledge 
to  improvement  of  the  iron  manufiicture  it  is  impossible  to  conceive ;  although 
from  its  recent  occurrence,  and  the  probationary  stage  to  which  it  has  only 
yei  arrived,  we  aro  precluded  from  treating  of  it  without  a  certain  feeling  of 
constraint  inseparable  from  the  dawn  of  all  new  inventiona.  \ 
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Our  remarks  have  already  conveyed  sufficient  intimation  of  our  cognizance 
that  the  indications  of  theory  and  the  deductions  of  practice  are  not  always 
accordant,  to  satisfy  the  reader  of  our  freedom  from  any  mere  theoreti<»l 
bias.  At  this  early  period,  however,  Mr.  Bessemer,  in  common  with  every 
inventor  who  lays  before  the  world  a  proposition  which  he  believes  in,  and 
wliich  a  large  section  of  tlie  public  is  prepared  to  receive  as  an  improvement 
on  pre-existing  modes,  is  probably  experiencing  some  of  the  crosses  and  dis- 
agreeables inseparable  from  the  office  of  pioneer  in  the  regions  of  science  or 
the  arts.  It  is  only  a  matter  of  common  justice  that  those  who  have  to  speak 
or  write  of  processes  in  his  domain,  should  give  them,  so  fiar  as  in  them 
Ues,  a  helping  word  of  congratulation.  Without,  therefore,  committing  our- 
selves to  a  premature  expression  as  to  how  much,  or  how  little,  the  pro- 
cesses may  accomplish,  we  are  justified  in  stating  that  which  is  much  more 
satisfactory  to  him  and  to  us.  The  communications  we  have  opened  in  rela- 
tion to  tlie  papers  in  hand  have  necessarily  thrown  us  into  correspondence 
with  various  iron-smelters.  On  the  premises  of  one  of  these — one  of  the 
largest,  if  not  the  very  largest  in  the  kingdom — Mr.  Bessemer's  process  is  about 
to  be  placed  on  trial,  and  under  the  most  favourable  auspices  for  a  searching 
and  impartial  one,  tlie  results  of  which  will  be  communicated  to  our  readers 
in  its  proper  place  in  the  present  volume. 

But  it  becomes  a  question  of  very  grave  import,  and  one  requiring  tlie 
test  of  wear  and  tear  of  time  as  well  as  experiment  to  set  at  rest,  whether 
there  are  not  mechanical  requirements  in  preparing  malleable  iron  not  com- 
prised in  Mr.  Bessemer's  process.  Iron,  like  all  other  metals,  has  a  strong 
tendency  to  crystallize  at  a  given  temperature;  and  an  ingenious  friend 
— ^tlieorizing  on  the  subject — suggests  an  hj^iothesis  which  we  have  not  met 
with  before,  that  the  puddling  process  supplies  a  mechanical  as  well  as  a  che- 
mical bond  of  union  in  the  metal.  The  crystals,  he  suggests,  are  disturbed 
at  tlie  moment  of  formation,  driven  into  each  other  by  the  stirring  operation ; 
and  that  the  jagged  edges  of  the  particles  thus  become  knitted  or  laced  into 
each  otlier  in  a  homogeneous  mass. 

This  would  seem  to  explain  tlie  tenacious  and  fibrous  character  of  wrought 
iron ;  and  if  so,  it  may  be  doubted  if  the  new  process  will  altogether  supersede 
that  of  puddling,  though  it  may  greatly  facilitate  the  operation. 

Nor  does  it  appear  that  Mr.  Bessemer  will  be  suffered  to  monopolize  the 
attention  of  tliose  interested  in  iron:  Mr.  Plant,  of  Holly  Hall  Colliery, 
Dudley,  has  patented,  as  early  as  July,  1849,  a  refining  process,  by  which  a 
current  of  air  and  steam  is  directed  upon  the  iron  while  it  is  in  the  puddling 
furnace.  Another  process,  patented  in  1855,  by  Mr.  Martien,  of  New  Jersey, 
U.  S.,  consists  in  passing  currents  of  air  and  steam  through  the  heated 
cast-iron  as  it  runs  from  the  blast-furnace.  A  third  invention  is  by  Captain 
Uchatius,  Engineerin-Chief  of  the  Imperial  Arsenal,  Vienna,  who  has  devised 
a  method  of  producing  every  description  of  cast- steel  from  crude  pig-iron 
in  the  short  space  of  three  hours,  and  the  process  was  exhibited  in  London 
before  a  number  of  scientific  and  practical  men  to  their  entire  satisfaction, 
as  it  is  stated ;  although  his  experiments  here  were  conducted  in  fdmaces 
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ot  well  BuitfCd  to  the  operation.  Tliu  process  consists  of  running  melted  pig- 
"on  from  a  crucible  into  a  vessel  filled  with  water,  w^hen  the  iron  is  converted 
ito  small  granulated  shot-like  particles.  A  weight  of  twenty-four  pounds  of 
lese  granulated  iron  drops  was  mixed  with  crushed  ore  and  filled  into  a  cm- 
Ible,  which  was  placed  on  the  furnace  prepared  for  it.  After  the  lapse  of  a 
eriod  of  two  hours  and  three-quarters  the  crucible  was  taken  from  the  fiimace 
nd  the  contents  poured  into  an  iron  mould.  When  this  was  opened  an  ingot 
f  steel  weighing  twenty-five  pounds  was  exhibited  to  the  company,  and  pro- 
ounced  by  competent  judges  to  bear  every  external  evidence  of  being  perfect 
1  quality.  While  this  metal  was  being  melted,  an  ingot  of  steel  prepared  by 
His  process  at  the  steel-works  of  Messrs.  Turton,  of  Sheffield,  was  subjected 
3  the  steam-hammer,  and  a  bar  of  steel  produced  from  the  ingot  which  was 
rononnced  to  be  of  excellent  quaUty  by  the  practical  men  present.  It  is 
inpossible  to  over-estimate  the  importance  of  these  discoveries,  should  they 
ear  the  test  of  experiment  on  a  suitable  scale. 

Between  theoretical  indication  and  practical  confirmation,  however,  there  is 
bridge  to  be  passed  which  frequently  breaks  down  and  engulfs  tiie  inventor, 
lurough  tiic  interposition  of  some  collateral  obstacle.  It  may  be  that  the  pro- 
esses  of  Mr.  Bessemer  and  the  other  ingenious  men  named  are  in  this  category. 
)avy  suggested  the  protection  of  the  copper  bottoms  of  ships  by  the  attach- 
aent  of  zinc  galvanic  preservers.  He  caused  tiio  suggestion  to  be  practically 
anied  out,  and  quoad  protection  it  succeeded.  But  Davy  was  foiled,  and  his 
(locess  was  rendered  inoperative,  through  the  interposition  of  a  collateral  cir- 
umstance,  which  had  not  entered  into  his  calculations.  The  copper  was  no 
ooner  prevented  from  undergoing  solution,  tiian  its  surface  became  harmless : 
ea-weedfi  and  sea  mollusks  stuck  to  it,  and  the  ship's  course  was  impeded 
hereby.  It  may  l)e  somewhat  thus  with  the  inventions  to  which  we  have 
adverted ;  some  collateral  issue  may  interfere  with  the  practical  realisation  of 
he  inventor's  hopes,  in  respect  of  tiie  invention.  It  13  always  well  to  bear  in 
Dind  these  probabilities,  seeing  that  they  are  the  reflex  of  the  history  of  most 
nventions ;  but  nevertheless  the  theory  on  which  Mr.  Bessemer 's  operation 
A  based  is  so  simply  beautiful,  that  now,  at  this  early  stage  of  it,  before  the 
iltimate  practical  issues  of  it  are  known,  it  is  fitting  that  Mr.  Bessemer  should 
)e  cheered  with  the  provisional  recognition  which  to  a  clear  apprehension  of 
)rinciple8,  and  a  seemingly  practical  way  of  giving  them  efi'ect,  bespeak  as 
QsUy  his  due.  Whilst  acting  the  part  of  avant  courier  to  the  practical  mono- 
p:aphs  which  follow,  we  only  claim  to  look  at  the  broad  field  of  metallurgy 
rom  a  theoretical  point  of  view.  In  the  puny  microcosm  of  a  chemical  labo- 
tAoTj  where  thousands  of  littie  apx)liaiices  can  be  invoked  to  gain  the  end  pro- 
)06ed  by  chemical  analysis — ^it  is  possible,  nay  it  is  probable,  that  a  chemist 
nay  not  justiy  interpret  the  data  which  smaU  operations  evolve,  into  the  less 
lumerous,  though  individually  larger,  conditions  of  the  practical  man. 

AATMitac**  ^  Oast-Xvon« — ^We  have  already  intimated  that  the  pre- 
lence  of  impurities  in  iron  as  rendered  by  our  smelting  works,  and  the 
liffieuhieB  of  removing  them,  are  not  barren  of  all  good  results ;  and  we 
lave  adverted  to  the  capabilities  of  cast-iron.    Let  us  now  contemplate  tl^^ 
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subject  of  iron  from  tlic  opposite  point  of  view ;  let  us  assume  that  instead 
of  the  faciUty  wherewith  tlie  genius  of  our  smelting  operations  enables  us  to 
turn  out  enormous  quantities  of  iron,  cast  into  the  form  required,  the  genius 
of  the  process  had  been  in  the  direction  of  depri^dng  us  of  this  impure  ma- 
terial, but  renderuig  us  iron  commercially  pure — ^that  is  to  say,  in  the  state  of 
wrouglit-iron.  What  difficulties  would  have  beset  us  then !  The  operation 
of  casting  no  longer  possible,  but  every  piece  of  manufieuitured  iron  being 
necessarily  manufactured  by  the  hiborious  operations  of  forging,  ham- 
meriug,  and  welding — ^not  merely  would  the  price  of  iron  for  many  purposes 
have  been  enhanced,  but  for  numerous  purposes  to  wldch  iron  is  now 
applied  it  could  not  have  been  used  at  all.  Contemplate  the  pieces  of  cast- 
iron  wluch  constitute  tlie  blocks  of  which  Soutliwark  Bridge  is  built,  and 
imagine  the  circumference  of  blocks  having  the  same  form,  weight,  and 
dimeuKions,  made  of  wTought  instead  of  cast-iron,  and  hammered  into  shape : 
the  thing  would  have  been  utterly  impossible;  it  would  be  impossible 
ever  now,  notwithstanding  the  aid  of  the  ponderous  steam-hammer.  The 
ease  witli  which  a  blac^ksmith  heats  and  welds  and  fashions  into  shape  the 
half  molten  paste  of  glov^ing  wrought-iron  on  his  anvil  woidd  convey  but 
feeble  indications  of  the  difficidties  which  beset  these  operations  when 
conducted  on  a  large  scale.  It  is  difficult  to  pronounce,  and  it  would  be  in- 
vidious to  make  the  attempt  of  fixing,  the  extreme  limits  or  size  of  which  a 
piece  of  wTought-iron  admits  of  being  forged.  Pi*actical  effect  is  given  to  that 
operation  to  tlie  extent  of  forging  anchors,  shafts  and  beams  for  the  largest 
marine  engines.  These  arc  acliievcmcnts  sufficiently  difficult,  and  until  lately 
critics  were  found — nay,  indeed,  tliey  tire  to  be  foimd  still — who  confidently 
assert  tliat  much  beyond  tliese  achievements  of  wTought-iron  manufacture  the 
operation  could  not  go.  Wlietlier  wrought-iron  ordnance  of  large  size  could,  or 
could  not,  be  manufactured,  ha^'ing  tlie  strength  necessary  to  ordnance  prac- 
tice, was  a  moot-point.  Some  years  ago  the  Americans  tried  the  experiment 
and  failed ;  as  a  terrible  accident  from  the  bursting  of  a  wrought-iron  piece  of 
ordnance  painfully  testified :  since  then  Mr.  Nasmyth  repeated  the  experi- 
ment with  so  bad  a  result  that  it  was  considered  by  himself  to  be  a  failure, 
and  he  expressed  himself  very  hopelessly  respecting  wrought-iron  heavy 
ordnance.  Nevertlieless,  a  large  piece  has  now  been  made  by  an  enterprising 
Liverpool  firm,  and  presented  to  the  Government.  It  is  now  whilst  these 
remarks  are  written  imder  process  of  trial ;  and  liitherto  it  has  stood  all  the 
tests  deemed  necessary,  witii  complete  satisfaction. 

Tlie  result  of  the  manufacture  of  tliis  interesting  piece  of  ordnance,  and 
the  trials  to  which  it  has  been  subjected,  demonstrate  tiiat  those  who  ex  ca- 
thedra predicted  so  confidently  tiiat  wTought-iron  heavy  ordnance  could  not 
be  made  (due  regard  being  had  to  their  sti"engUi),  may  have  reason  to  alter 
their  opinions.  Confessedly,  however,  as  between  the  casting  of  iron  into  a 
specified  shape,  and  the  welding  and  hammering  of  iron  into  a  similar  shape, 
the  difference  is  enormous. 

In  addition  to  the  mechanical  difficulties  attendant  on  the  manipulation 
of  wrought-iron — ^in  addition  to  the  difficulties  of  removing  huge  masses  of  it 
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Erom  the  forge  to  the  anvil — the  difficulty,  moreover,  of  welding  two  or  more 
large  pieces  together  in  such  a  manner  as  to  give  solidity  to  the  welded  joint — 
I  chemical  or  molecular  tendency  of  wrought-iron  when  retained  at  a  glowing 
beat  in  large  masses  for  long  periods  together,  threatened  to  impose  an  in- 
sQperahle  bar  to  the  manipulation  of  wrought-iron  in  pieces  much  larger 
^han  anchors  or  marine  steam-engine  axes. 

Chrystallisiiic  iendMicy  of  Wnmght-Ivon  in  lavgo  Maaaas. — It  was 
(bund  by  Mr.  Nasmyth  in  turning  out  his  monster  gim,  that  the  iron  had 
ceased  to  be  fibrous,  and  had  assumed  a  crystalline  texture  at  its  centre,  thus 
losing  the  strength  and  tenacity  which  the  fibrous  condition  would  have  given. 
It  had  been  fully  known  that  wrought-iron  under  some  peculiar  circumstances 
is  prone  to  assume  this  condition.  The  axles  of  revolving  carriage- wheels 
have  been  known  to  assume  this  cr^'stalline  state  from  vibration,  after  tlie  lapse 
of  time,  and  long  usage,  although  they  were  originally  fabricated  of  the  best 
wrought-iron.  Iron  wire  too,  which,  as  all  connected  with  metallurgy  know, 
is  necessarily  made  of  the  purest  iron,  occasionally  assumes  tliis  cr^'stalline 
state  if  long  exposed  to  the  agency  of  chemical  forces ;  as,  for  instance,  in  a  la- 
boratory. Various  hy]>otheses  have  been  propounded  to  afford  a  rational  ex- 
planation of  this  molecular  change  from  fibrous  to  crystalline  condition.  As 
regards  the  case  of  railway  axles,  the  supposition  appears  rational,  that  con- 
stant percussion  has  given  rise  to  the  crystallised  state ;  but  the  change  expe- 
rienced by  iron  wire  is  not  so  plausibly  explicable.  The  crystallisation  of 
large  masses  of  wrought-iron  under  the  heating  and  cooling  process  involved 
in  the  operation  of  welding,  seems  to  admit  of  easier  explanation.  Tlie 
result  appears  to  be  only  a  special  illustration  of  a  general  resultant  of 
the  undisturbed  play  of  cohesive  affinity,  tending  as  it  does,  if  sufficient  time 
iind  freedom  of  molecular  motion  be  given,  to  assume  the  most  perfect  cohe- 
sive state  of  which  matter  is  capable — ^that  is  to  say,  the  state  of  cr^'stals. 
Elad  the  result  of  crystallisation  been  inseparable  from  the  practice  of 
welding  large  bars  of  iron,  there  would  have  been  an  end  to  wrought-iron 
ordnance  of  large  c^bre ;  there  would  have  been  an  end  also  to  the  pro- 
inction  of  any  pieces  of  wrought-iron  considerably  larger  in  dimensions  than 
the  forms  hitherto  produced.  We  shaU  look  forward,.therefore,  with  some 
interest  to  the  monogram  on  the  working  of  wrought-iron  in  large  masses, 
promised  us  by  Mr.  Clay. 

Impressed  with  specialities  as  the  metals  are,  each  one  conducing  to 
certain  purposes  better  tlian  any  other — nevertheless,  with  the  exception  of 
iron,  these  capabilities  are  numerous,  and  one  generally  admits  of  being  sub- 
stituted for  another.  But  no  civilised  race  could  exist  as  such  without  tlie 
co-operation  of  the  metal  iron.  For  tlie  greater  number  of  purposes  to  which 
it  is  applied,  there  is  no  efficient  substitute.  True,  the  ancients  did  manage 
at  one  time  to  manufacture  cutting  instruments  out  of  bronze ;  true,  that 
Sir  Francis  Chantrey  in  our  own  times,  in  his  reverence  for  classic  metallurgy, 
caused  a  bronze  razor  to  be  made,  where'with  he  shaved ;  nevertheless,  we 
doubt  whether  any  one  less  ardent  in  the  love  of  ancient  metallurgy  than 
himself  would  have  home  contentedly  the  daily  infiiction.  \ 
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IdUvaivse  of  MoUUwty.— Metallurgic  history  admite  of  division  into 
Uireo  periodH.     The  first  comprehends  the  time  which  elapsed  from  the 
earlinst  historical  epoch  to  the  days  of  PUny,  or  the  first  century  of  the 
(JliriHtian  era.    The  metallurftic  records  of  the  period  are  contained  in  Holy 
Writ,  also  in  tlio  writings  of  Straho,  Dioscorides,  Pliny,  and  others,  compre- 
hniidiiig  proofs  of  tlio  knowledge  of  gold,  silver,  mercury,  copper,  tin,  lead, 
and  iron.    The  second  period  includes  the  time  which  elapsed  between  Pliny 
and  Agric!ola,  or  from  tlie  first  century  of  the  Christian  era  to  a.d.  1550.    At 
tli«  conitnoncemcnt  of  this  epoch  mines  were  worked  in  Asia  Minor,  Spain,  &c. ; 
ill  the  Htivtuitli  centuiy  was  commenced  the  working  of  mines  in  Bohemia 
and  Saxony ;  in  tlie  ninth  century,  mines  in  Rammelberg  were  commenced ; 
Ui«»  knowludKO  of  arsonio  was  first  acquired  in  the  fifteenth  century ;  in  the 
fiftmuiUi  century  iiIho  of  bismuth ;  and  in  1540  there  appeared  at  Venice  the 
firMt  nuNloni  systt^matic  work  on  mining,  smelting,  and  metallurgy.   The  third 
ininoralogioal  poriod  extends  from  the  time  of  Agricola,  who  may  be  justly  consi 
dimnl  as  tho  father  of  metallurgy,  to  our  own  days.   In  his  collated  metallurgic 
work, puUHhIumI  in  1 548, under  the  title  ''Dere MetalUea"* are  to  be  found  the 
WvHi  prtMUHO  iuHtmotions  conceniing  the  arts  of  mining  and  smelting.     Imme- 
dlutoly  RubmM|uoni  to  tlie  appearance  of  Agricola*s  treatise,  "  De  re  MetaUica" 
numoroUM  oUiors,  of  unequal  pretensions,  began  to  appear ;  but  their  chemical 
I  ly  pot  hoses  wore  tinctured  with  the  errors  of  the  phlogistic  theory ;  and  not 
\nitil  tiio  final  overthrow  of  that  theory  by  Lavoisier  was  it,  that  both  of  these 
artH  iiMHunuHl  the  utility  which  we  find  at  the  present  time.    In  the  years 
oxtemliugfrimi  IHOl  to  IHlO.both  inclusive,  I^junpadius  of  Freiberg  published 
a  vahuihle  collation  of  fiu^ts  relative  to  metallic  operations ;  giving  form  and 
HulkMtaiuH^  to  a  Urgt»  mass  of  disconnected  facts  relative  to  these  matters,  and 
known  to  >-anou«  iH>nums  in  his  time.    The  second  series  of  the  metallurgic 
t^xiin  x\(  1  .aiu)^diua  apiHMured  bt-tween  the  years  1817  and  1827,  thus  preparing 
tho  way  for  tho  now  s>*»tom  of  metallurgy  by  Karsten,  which  appeared  in  the 
y»M\i^  1 8a  I  and  I8a^,    In  1841  appeaxt^  a  small  but  comprehensive  volume 
by  Wohrlo.  -  mH\n  Mlowx>a  by  Soho^n>r  s  valuable  tieatiae,  entitled  LekHmeh 
^'  M¥0Hifmyi^,  to  wUioh  the  merit  is  attributable  of  having  aggregated  the 
tuuuov^^\sl  hranoho*  of  knowUnlge  which  constitute  metalluigy  into  the  shape 
\\\  whioh  M^^  at  v^roAont  tlnd  thorn.    In  our  own  day.  the  Oeiman  metallurgist 
Uruno  Kovl  ban  i\xutributo.l  an  ailmimblo  manual  in  his  Xfet4tamr^kem  HutUn- 
k^^^  \\\\\  \^t\vkx^  tho  lar>!0<!4  auHHUit  of  ti^t  has  be«i  thrown  on  British  me- 
j   laUur>jy  by  tho  a^huirablo  lootur^^  and  oxporiments  of  Dr.  IVirv,  at  the  Museum 
I   *xr  Uo.\K>|^     \\  )H  im)H>«^KIo  to  |«^a$e  Ukw  laKims  mon  hi^^ilT  than  they 
j   do»»>r».  .w  lo  ov^rosUwalo  thoir  iuthioiK^  on  the  ftrtnw  oT  metalhiigy. 
,         1^0  art  *>f  wiotaUur^.  ranioiiWly  «y\n$idoiyd.  has  ivlieraice  not  alone  to 
Iho  ^>Ko%i\K>a  ^N^iAtimii^Hi  %^  iiH^lio  ^>»w  and  iln^  nethod  rf  es:timcting  and 
IMh^^vavit^f  tWw^,  biit  it  a)^%  i,^!^  <^xcnit*iK^  i>f  all  diat  elates  Id  the  con- 
Mwh^liH^  ^^r  f^nwKV*.  iW  niilitatkxi  W  «H,>llatml  i«vmsm,  ^e  alraigih  of 
^ui^  ol^|^K\^Y.|  i^  ^iniifc,>^  1^^  ,1^^  ,1^^,^^  It  also  invobes 

•  ii^xx^W^Vw.  ^^C  tW  olwwii.>ia  T«i»i<i|^  <v^M>»^  «»  dial  te  wteningirt 
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dons  of  science,  but  also  to  test  the  value  of  large  processes  by  the  more  deli- 
laite  systems  of  the  laboratory. 

GlASsiftcation  of  Tffrf tilt — ^Before  indicating  the  chemical  principles 
upon  which  each  special  process  of  metallurgy  is  based,  it  will  be  desirable 
to  arrange  the  metals  in  classes,  according  to  the  several  characteristics 
which  they  present.    Great  specific  gravity  is  so  prominent  a  characteristic 
of  metallic  bodies,  viewed  in  the  aggregate,  that  anterior  to  tlie  discovery  of 
potassium,  sodium,  and  the  other  alkaline  and  terrigenous  metals,  the  quality 
was  thought  to  be  inseparable  from  the  metallic  condition.     So  far,  however, 
is  this  from  the  truth,  that  lithium — ^the  metal  of  the  alkali  or  alkaline  earth 
lithia — it  may  be  said  to  be  intermediate  between  the  two — ^is  the  lightest 
known  solid,  metallic  or  non-metallic,  in  all  nature.  Based  on  a  consideration 
of  the  quality  of  specific  gravity,  then,  we  arrive  at  a  division  of  metallic 
kKhes  into  tlie  light  and  the  heav}'.    In  a  purely  chemical  sense,  such  a 
division  has  no  value ;  but  it  is  otherwise  to  the  metallurgist.    Inasmuch  as 
the  metals  of  the  alkalies  and  alkaline  earths — tliat  is  to  say,  the  Hght  metals 
—are  only  produced  by  complex  and  refined  chemical  processes,  they  may  be 
considered  as  lying  without  the  domains  of  metallurgy.    It  is  only  with  tlie 
remaining  class  (the  heavy  metaJs),  therefore,  that  the  metallurgist  has  to 
concern  himself,  and  to  which  the  reader's  attention  tlirougliout  tliis  intro- 
duction and  the  succeeding  monographs  vnh  be  exclusively  directed.    Con- 
templating the  heavy  metallic  bodies,  in  a  practical  or  metallurgic  sense, 
with  reference  to  their  subdivision,  their  various  demeanour  with  regard  to 
oxygen,  and  their  general  relations  to  that  extensively  diffused  non-metallic 
element,  we  have  a  natural  as  well  as  a  ready  means  of  classification    It  has 
been  calculated  that  almost  two-thirds  by  weight  of  our  globe's  constituents, — 
solid,  liquid,  and  gaseous ;  its  vegetables  and  its  animals  and  minerals — 
consist  of  oxygen.    The  chemist  need  not  to  be  reminded  of  the  powerful 
tendency  to  combustion  which  oxygen  manifests,  especially  vdih.  metals.  Un 
questionably  the  most  considerable  and  the  most  important  metallic  ores  are 
oxides,  or  combinations  with  oxygen.    It  is  natural,  therefore,  that  the  metal- 
lurgist should  seek,  in  an  examination  of  the  relations  of  metals  to  oxygen, 
the  basis  of  their  practical  subdivision.    Five  well-marked  subdivisions, 
founded  on  these  peculiaritieB,  admit  of  being  established.    They  are  as 
follow: — 

1.  Metals  having  a  strong  tendency  to  combine  witli  oxygen,  and  to  gene- 
rate bases.    These  metals  admit  of  arrangement  in  three  sections. 

§  (a),  Metals  whose  oxygen-cx)mpounds  are  basic,  or  have  the  property  of 
bases.     They  are  zinc,  cadmium,  lead,  and  uranium. 

§  (b).  This  section  has  only  one  representative,  i.  e.  arsenic,  or  arsenicum ; 
a  metal  the  peculiarity  of  which  is,  that  its  combinations  with  oxygen  are 
acid,  not  basic. 

§  {c).  Metals  which  form  both  acids  and  bases  by  combination  with  oxygen. 
Th^  comprehend  copper,  nickel,  cobalt,  bismuth,  tin,  copper,  manganese, 
iron,  antimony. 

2.  Metals  the  tendency  of  which  to  oombino  with  oxygen  la  but  b[^!^\.'.  \ 
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comprehending  gold,  silver,  platinum,  and  mercury.    The  three  former  are 
sometimes  called  '*  noble  metals/' 

The  relative  fusibility  of  metals  also  affords  a  good  means  of  practical  clas- 
sification. Having  reference  to  this  difference,  five  well-marked  subdivisions 
admit  of  being  established. 

1.  Fusible,  and  remaining  liquid  at  the  lowest  heat  of  temperate  climes. 
There  is  only  one  metal  which  answers  to  these  conditions  :  it  is  mercury. 

2.  Fusible  between  892"*  and  788°  F.,  and  passing  off  into  vapour  when  the 
heat  is  still  further  raised.  The  metals  represented  by  this  subdivision  are 
zinc,  cadmium,  lead,  bismuth,  antimony,  and  arsenic  or  arsenicum. 

3.  Fusible  at  temperatures  above  1830*  F. :  copper,  silver,  gold. 

4.  Not  completely  fusible  by  the  strongest  fomace-heat :  manganese,  iron, 
nickel,  cobalt,  platinum. 

0.  Fusible  in  the  hydro-oxygen  jet :  chromium. 

Alloys. — Having  taken  a  cursory  survey  of  the  classes  and  subdivisions 
of  which  metals,  practically  considered,  are  susceptible,  we  shall  now  proceed 
to  describe  the  principal  compound  forms  of  which  metals  are  susceptible. 
The  first  of  these  wliich  presents  itself  is  the  class  of  alloys. 

The  term  aUoy  in  its  most  general  acceptation  means  the  mutual  combi- 
nation of  two  or  more  metals.  When  one  of  tiie  metals,  however,  enter- 
ing into  combination  is  mercury,  the  result  is  not  usually  termed  an  alloy, 
but  an  amalgam.  AUoys  are  practically  interesting  to  the  metallurgist  in 
two  ways :  either  the  metals  to  which  a  metallurgic  process  of  extraction  is 
applied  are  found  in  the  condition  of  native  alloy — t.  e.  one  naturally  ex- 
isting—or an  alloy  results  as  the  consequence  of  an  intermediate  metallurgic 
process.  The  native  state  of  gold  with  silver,  and  of  platinum  with  rho- 
dium, iridium,  palladium,  and  its  other  associated  metals,  present  fami- 
liar instances  of  native  alloys.  The  intermediate  combination  of  lead 
and  silver  resulting  from  the  metallurgic  process  of  reducing  galena,  fhr- 
nishes  a  good  instance  of  the  second.  At  the  present  time  the  beUef  pre- 
vails— we  may  even  say  it  is  imiversal — ^that  alloys  are  not  always  mere 
mechanical  mixtures  of  different  metals,  but  are  constituted  in  accord- 
ance with  the  laws  of  definite  chemical  combination ;  being  no  less  atomic 
(to  adopt  the  language  of  the  atomic  theory)  than  oxides  and  salts  are 
atomic.  It  would  lead  us  too  far  from  the  subject  of  metallurgy  to  adduce 
the  various  arguments  which  exist  in  favour  of  Uie  belief;  and  indeed  a 
superficial  glance  at  the  bearing  of  the  hypothesis  would  perhaps  induce 
tiie  practical  mctallurgiBt  to  pass  it  by  as  devoid  of  utilitarian  interest.  Few 
subjects,  however,  are  more  intimately  related  to  the  utilisation  of  metals 
than  are  involved  in  the  seemingly  abstract  question  of  chemical  compo- 
sition,  or  of  mere  admixture,  in  relation  to  alloys.  An  illustration  yery  much 
to  the  point  is  afforded  by  the  manufacture  of  the  alloy  called  "  silver-steel." 

In  the  course  of  some  experiments  performed  by  Professor  Faraday  and 
Mr.  Stodart,  they  discovered  that  silver  when  fused  with  steel  in  certain 
given  proportions  entered  into  mutual  combination,  and  formed  a  valuable 
alloy.    If,  however,  the  quantity  of  silver  was  increased  above  a  certain  pro- 
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portioii  not  yet  quite  ascertained,  the  excess  of  silver  was  extruded  from  tlie 
metallic  mass  during  the  process  of  cooling.  Tliis  result  at  once  affords  tes- 
timony as  to  the  chemical  constitution  of  the  alloy,  and  points  to  the  prac- 
tical advantages  likely  to  he  derived  from  a  solution  of  the  question — "  What 
are  the  exact  or  atomic  proportions  in  which  steel  and  silver  can  combine  ?" 
Granting,  for  the  sake  of  argument,  that  the  silver-steel  be  so  far  superior 
to  ordinary  steel  as  to  warrant  its  manufacture ;  the  conclusion  follows  that 
it  is  a  point  of  the  utmost  importance  to  determine  the  exact  maximum 
amount  of  sUver  which  steel  can  take  up.  Not  merely  would  the  addition 
of  every  grain  of  silver  beyond  the  indicated  proportion  be  an  unnecessary 
expense,  but  such  of  the  uncombined  silver  as  miglit  be  locked  up  mecha- 
nically in  the  alloy  during  the  cooling  process  would  lessen  its  streugtli,  and, 
indeed,  impart  a  general  deterioration  of  quahty. 

As  a  general  rule,  it  may  be  stated  that  all  metals  which  form  alkalies  have 
a  particular  tendency  to  unite  with  those  which  form  acids.  When  two 
metals  are  alike  in  their  affinities  for  oxygen,  they  do  not  readily  combine,  and 
may  often  be  separated  by  crystallization  only,  when  both  metals  absorb  nearly 
the  same  quantity  of  oxygen  in  forming  their  oxides.  Nearly  all  chemical 
combinatious  liberate  heat.  Zinc  and  copper,  when  melted  together,  produce 
a  high  temperature.  Where  a  mere  mechanical  mixture  of  metals  occurs  in 
an  alloy,  it  is  characterized  by  distinct  crystals  being  formed  with  one 
metal,  between  which  the  other  is  visible.  When  an  alloy  is  formed  with 
proper  equivalents,  no  such  disconnected  crystals  are  observed.  In  cooling 
a  melted  alloy,  that  composition  which  is  most  refractory  crystallizes  first,  and 
that  which  is  most  easily  reduced  to  fluidity  is  compelled  to  occupy  the  spaces 
between  the  crystals.  Thus  copper  and  tin  are  fusible;  but  in  cooling, 
eopper-tin  crystcdlizes  first,  and  tin-copper  last.  Iron  and  arsenic  are  very 
fiisible;  but  in  cooling,  iron-arsenic  crystallizes  fii'st;  in  consequence,  the 
surface,  when  cool,  exhibits  a  perfect  net-work  of  bright  lines  in  regular 
forms.  In  all  of  these  compounds,  however,  portions  of  each  alloy  are  contained. 
When  a  bar  of  cold  lead  is  dipped  in  mercuiy,  the  pores  of  Uie  lead  become 
filled  with  mercury,  but  the  mercury  also  absorbs  lead.  AVheu  iron  is 
greatly  heated  while  imbedded  in  carbon,  as  is  the  case  when  blistered  steel 
is  produced,  the  carbon  penetrates  to  the  very  centre  of  the  iron  rods ;  but  no 
iron  is  imparted  to  the  carbon,  because  its  atoms  are  not  moveable. 

Alloys  are  more  fusible  than  the  individual  metals,  and  will  melt  at  a 
lower  temperature  than  the  mean  would  indicate.  When  tin  melts  at  500", 
and  pure  copper  at  2,500**,  equal  parts  of  copper  and  tin  do  not  melt  at  tlic 
mean  1,500",  but  at  a  lower  heat.  Pure  iron  is  extremely  refractor}*:  but 
when  combined  witli  arsenic  and  phosphorus,  it  may  be  melted  in  a  cast-iron 
pot  ^itliout  adhering  to  it  Again,  a  composition  of  three  metals  is  still  more 
fusible  than  their  various  degrees  of  melting  would  indicate;  and  if  their 
component  parts  are  according  to  the  laws  of  chemical  affinity,  the  meltui;:; 
point  is  lower  still.  Need  we  repeat,  after  this,  how  important  is  the  study  of 
forming  allays  in  the  smelting-fiimaccs  ?  It  is  the  degree  of  fusibihty  of  the 
slags  and  metals  which  determines  the  cost  of  the  smelting  proces^s. 
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Iron  is  rendered  fusible  by  the  presence  of  carbon ;  but  when  that  sab- 
stance  is  removed  it  becomes  refractory,  and  can  hardly  be  melted.  Tin  ii 
refined  by  oxidizing  or  evaporating  sulphur,  arsenic,  and  other  matters ;  a  pro- 
cess which  renders  tin  less  fusible  and  more  tenacious.  Zipc  melted  in  la 
iron  pot,  and  exposed  to  tlie  air,  exhibits  dross  on  the  surface ;  its  fluidi^  k 
diminished,  but  its  maUeabihty  is  increased.  A  layer  of  carbon,  or  common 
salt  above  ashes,  prevents  tliese  phenomena. 

Alloys  are  generally  harder  than  might  be  expected  from  their  consti* 
tuents,  although  there  are  exceptions  to  the  rule.  Silver  and  arsenic  render 
iron  hard,  altliough  both  metals  are  soft  in  themselves ;  copper  and  tin,  botii 
soft  metals,  become  hard  when  melted  together  in  certain  proportions ;  and 
zinc  and  copper  make  brass  soft.  Antimony  causes  all  metals  to  become 
hard,  but  very  brittle.    Iron  mixed  with  a  litUe  antimony  will  cut  glass. 

The  ductility  of  alloys  is  sometimes  greater  tlian  might  be  expected ;  in 
others,  it  is  more  brittle  than  the  onginal  metals.  Alloys  of  zinc  and  lead  an 
very  tenacious ;  lead  and  antimony  very  brittle.  Any  aDoy  which  is  slowly 
heated  and  gradually  cooled — annealed,  that  is — ^is  softer  than  when  the  com- 
pound  is  suddenly  chilled ;  hence  the  hardness  of  chill-cast  iron. 

The  above-mentioned  examples  are  types  of  many  others,  demonstrating 
that  though  metalHc  alloys  occupy  a  less  prominent  position  than  metaUic 
oxides,  sulphurets,  chlorides,  &c.,  nevertheless,  the  conditions  which  regulate 
their  existence  must  not  be  neglected  by  the  metallurgist. 

The  separation  of  the  constituents  of  metaUic  alloys  is  accomplished 
by  several  methods.  Of  these  tlie  one  most  obviously  suggested  by  theoiy 
consists  in  a  gradual  application  of  heat  up  to  the  point  of  melting  the  more 
fusible  metal,  and  leaving  the  other  unfused.  In  this  way  lead  is  sepa- 
rated from  an  aUoy  of  that  metal  with  copper.  Scarcely  less  obviously  sug- 
gested by  theory  is  the  application  of  heat  to  effect  the  volatilization  of  one 
of  the  metals  entering  into  an  alloy.  In  this  way  is  mercury  separated  in 
practice  from  alloys  (amalgams)  of  mercury  with  gold,  and  mercury  with 
silver.    In  this  way  also  is  silver  obtained  from  argentiferous  zinc. 

The  metallic  constituents  of  some  alloys  admit  of  separation  by  sub- 
jecting them  to  fusion  and  gradual  cooling.  During  the  cooling  process  the 
metals  of  an  aUoy  will  in  some  cases  separate  in  layers  according  to  their 
specific  gravity.  In  other  cases  the  separation  ensues  from  one  of  tlie  con- 
stituents shooting  into  crystals  and  becoming  soUd,  thus  furnishing  a  means  of 
its  removal.  The  celebrated  process  of  effecting  the  separation  of  silver  from 
lead,  known  as  Pattinson's  crystaUization  process,  is  of  this  kind ;  but  the 
most  extraordinary  circumstance  in  relation  to  it  is,  that  the  lead  or  the 
metal  of  lesser  fusibihty  is  that  which  cr}'Etallizes  out.  The  rationale  of 
this  curious  phenomenon  has  never  been  explained.  Occasionally  sepa- 
ration of  two  or  more  metals  constituting  an  alloy  is  effected  by  means  of 
acid-solution,  llie  process  of  quartation  by  which  silver  is  dissolved  out 
from  an  alloy  of  that  metal  and  gold  will  serve  as  a  familiar  illustration. 

Meiallio  Oxides. — ^We  have  already  said  tliat  these  are  the  most  nume- 
rous and  the  most  important  of  metaUic  ores.    The  smelting  of  them  depends 
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i  an  application  of  the  best  practical  means  of  removing  oxygen.  The 
lations  of  metals  to  oxygen,  and  the  relative  facility  wherewith  they  evolve 
[ygen  wholly  or  partially,  have  all  been  accurately  determined  by  the  che- 
isL  On  the  large  scale,  the  exact  agents  employed  in  the  laboratory  for 
fecting  deoxidation  cannot  always  be  applied ;  nevertiieless,  chemical  prin- 
pies  have  to  be  followed  as  closely  as  circumstances  wiU  permit :  therefore 
wiU  now  be  proper  to  explain  the  relations  of  different  metals  to  oxygen  in 
!q)ect  of  the  comparative  difficulty  of  removing  that  element  from  them. 

The  reduction  of  metallic  oxides  may  be  effected  by  the  dry  and  the  moist 
recesses.  It  is  the  former,  however,  which  immediately  concerns  the  metal- 
igist,  and  to  which  we  purpose  to  direct  the  attention  of  the  reader.  The 
)ble  metals  gold,  silver,  and  platinum  are  characteiised,  as  is  well  known, 
r  the  difficulty  wherewith  their  respective  combination  with  oxygen  admits 
'  being  effected.  Conversely,  the  respective  oxides  of  these  metals  are  cha- 
cterised  by  facility  of  decomposition.  The  application  of  heat  alone,  with- 
it  the  contact  of  any  extraneous  body,  suffices  to  liberate  oxygen  from  the 
ide  of  the  noble  metals,  and  of  course  to  evolve  the  metal. 

All  other  metallic  oxides  require  the  agency  of  a  second  body  to  effect 
eir  reduction,  mere  application  of  heat  being  insiifficient ;  and  a  consi- 
ration  of  the  deoxidizing  materials  at  the  disposal  of  the  metallurgist,  and 
iployed  by  him,  opens  a  field  of  great  utility  and  interest.    The  deoxidizing 
ent  of  greatest  importance  to  the  metallurgist  is  coal  in  its  several  varieties, 
d  the'derivative  materials  yielded  by  its  combustion.  When  coal  is  burned 
a  furnace,  the  first  product  of  combustion  may  be  considered  to  be  carbonic 
id  gas ;  but  inasmuch  as  the  latter  is  readily  decomposed  by  permeating 
uted  pieces  of  solid  carbon  (coke),  losing  a  portion  of  its  oxygen,  and 
coming  carbonic  oxide  gas, — ^we  may  say  that  the  products  of  the  com- 
stion  of  coal  are  firstiy  carbonic  acid ; — secondly,  carbonic  oxide  and  car- 
oic  add;  and  lastiy,  carbonic  oxide  alone,    llie  latter  in  combination 
th  heat  is  a  most  powerfiil  deoxidizing  agent.    Were  it  not  for  the  pro- 
ction  in  furnaces  of  carbonic  oxide  gas — ^were  it  necessary  that  the  solid 
rbon  of  the  coke  should  be  alone  the  deoxidizing  body,  then  it  follows  that 
sry  particle  of  the  ore  to  be  reduced  must  be  brought  into  intimate  cou- 
rt with  the  reducing  body ;  a  process  involving  more  care  and  trouble  than 
I  compatible  with  large  metallurgio  operations.    The  reducing  agent  being 
[as,  there  is  no  longer  a  necessity  for  that  intimate  mixture  of  fiiel  and 
)  which  would  otherwise  be  necessary.    Provided  that  tlie  gaseous  results 
combustion  are  placed  under  circumstances  of  readily  permeating  the  ore, 
)  necessities  of  practice  are  amply  subserved.    In  many  cases  of  reduction 
the  oxides  of  lead,  silver,  tin,  and  copper,  the  fiiel  is  actually  contained  in 
dmace  by  itself,  the  ore  to  be  reduced  being  in  another.    There  is  great 
Terence  as  to  the  amount  of  heat  at  which  the  reduction  of  different  me- 
lic  oxides  can  be  effected.    The  oxides  of  lead,  bismuth,  antimony,  nickel, 
yalt,  copper,  and  iron,  require  a  strong  red  heat ;  whilst  the  oxides  of 
inganese,  chromium,  tin,  and  zinc,  do  not  lose  their  oxygen  until  heated  to 
iteness. 
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Combinationfl  of  the  metallic  ores  with  oxygen  take  place  in  certain  defi- 
nite proportions,  and,  so  far  as  relates  to  most  metals,  in  definite  quantitMS. 
There  are  three  oxides  of  iron  which  interest  us  here,  namely — tlie  protoxide 
of  iron,  which  is  a  strong  base ;  the  magnetic  oxide,  a  feeUe  base ;  and  the 
peroxide,  which  is  more  of  an  acid  than  a  base.  Peroxide  and  protoxide 
of  iron,  both  infusible  by  themselves,  form  a  fusible  slag.  Arsenic  forms,  in 
all  stages  of  oxidation,  an  acid  which  never  melts  with  any  other  acid,  or  widi 
highly  oxidized  metals ;  it  being  a  requisite  condition  of  fusibility,  that  one 
of  the  constituents  in  which  the  other  is  merely  suspended  must  be  fusible. 
This  chemical  relation  admits  of  a  wide  range,  nor  is  the  same  substance  in 
all  its  relations  of  the  some  character. 

Tlie  oxides  of  iron  are  always  basic  aa  to  silic  acid,  but  they  are  aoid  in 
relation  to  oxide  of  lead.  The  study  of  the  metallurgist  must  be  directed  to 
these  chemical  relations,  as  well  as  to  the  degree  of  fusibility  of  the  com- 
pounds and  the  relation  they  bear  to  the  metal  to  be  produced  under  their 
influence. 

As  a  rule,  it  may  be  stated  that  the  compounds  of  single  equiyalentB  of 
metal  and  oxygen  constitute  a  base  or  alkali,  and  that  the  addition  of  more 
oxygen  destroys  that  property.  Thus  the  protoxide  of  manganese  is  a  strong 
base,  and  precipitates  the  protoxide  of  iron  from  a  slag ;  but  the  peroxide  df 
manganese  is  driven  out  by  the  protoxide  of  iron.  When  carbon  is  present, 
one  atom  of  oxygen  is  absorbed  by  it  from  the  peroxide  of  manganese,  and 
the  iron  is  again  driven  from  its  union.  This  affinity  of  oxygen  fior  metal  is 
most  difficult  to  be  overcome  at  a  state  of  oxidation  half-way  between  the 
extremes.  Protoxide  of  tin  is  easily  converted  into  metal,  so  ia  peroxide; 
but  the  sesquioxide,  intermediate  between  the  two,  presents  mu(^  greater 
difficulties.  Practically  it  is  usual  to  smelt  with  the  highest  oxides,  and  con- 
vert the  ores  into  that  state,  in  order,  not  only  to  remove  the  oxygen  from 
the  metal,  but  also  to  produce  so  high  a  heat  as  to  fuse  the  metal  at  the  pre- 
cise moment  when  the  oxygen  is  removed. 

Hydrogen  and  carburetted  hydrogen  gases  must  not  be  omitted  in  our  ena- 
meration  of  the  deoxidizing  agents  employed  by  the  metallurgist.  The  latter 
agent,  carburetted  hydrogen,  is  evolved  during  the  combustion  of  coal ;  the 
former,  when  employed,  as  it  is,  though  sparingly,  as  a  metallurgio  agent,  ie 
developed  by  transmitting  aqueous  vapour  over  red-hot  coke.  "W^an  this  gas 
is  produced  by  dissolving  iron  or  zinc  in  a  diluted  acid,  it  is  always  moist,  and 
invaluable  for  the  performance  of  any  delicate  experiment ;  for  the  reduction 
of  metallic  oxides  it  should  be  dry,  and  free  from  any  foreign  substance. 
Carburetted  hydrogen  or  coal-gas  is  used  to  reduce  oxides  undjer  a  low  heat, 
the  carbon  which  is  precipitated  in  the  formation  of  the  metal  being  removed 
by  smelting.  Hydrogen  or  carburetted  hydrogen  is  applied  in  the  assaying 
process,  by  leading  it  into  a  glass  tube  which  contains  the  ore  specimen  in  a 
proper  form  already  heated.  A  gentie  current  of  gas  is  passed  over  the  ore 
until  no  more  is  burned  by  it,  which  is  manifested  by  the  escape  of  the  gas  in 
a  pure  form. 

Next  to  metallic  oxides,  metallic  sulphides  are  of  the  deepest  importance 
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to  tlie  metallurgist     Their  reduction  generaUy  involves  the  operation  of 
routing,  a  process  to  be  treated  of  hereafter. 

gqlphi#— « — ^All  metals  combine  more  or  less  with  sulphnr,  and  form 
sulphides  when  sulphur  is  brought  into  contact  with  the  metal,  in  the  ab- 
sence of  oxygen  or  chlorine.  When  oxides  arc  treated  with  sulphur  in 
sufficient  quantities  to  absorb  all  the  oxygen  in  forming  sulphuric  acid,  the 
Rolphur  remaining  combines  with  the  metal.  When  sulphates  are  treated  in 
the  presence  of  carbon  or  hydrogen,  the  oxygen  of  the  sulphuric  acid  is 
abstracted,  and  sulphides  remain.  The  chemical  relation  of  sulphur  to 
metal  is  similar  to  that  of  oxygen — ^that  is,  the  number  and  equivalents  of  tlie 
sulphides  correspond  with  the  number  and  equivalents  of  the  oxides  of  the 
respective  metalsr— causing  them  to  be  more  fluid  and  brittle  when  cold,  and 
impairing  their  ductility  when  hot.  Large  quantities  of  sulphur  cause  a 
low  degree  of  fusibility,  which  is  shown  in  tiie  snlphurets  of  antimony,  lead, 
c<^iper,  and  iron,  the  fusibility  in  each  decreasing  more  rapidly  than  the 
evaporation  of  sulphur.  Iron  pyrites  melts  at  a  low  red  heat;  but  when 
reduced  to  half  its  original  quantity,  by  evaporating  the  sulphur,  it  requires  a 
strong  white  heat  to  melt  the  sulphides.  The  presence  of  free  oxygen 
is  requi]^  for  the  removal  of  sulphur;  nor  can  it  be  removed  entirely 
when  carbon,  hydrogen,  or  any  other  reducing  agent  is  present,  an 
oxidizing  influence  and  tliorough  exposure  of  the  metal  to  oxygen  being 
neoessaiy. 

Nevertheless,  the  partial  decomposition  which  certain  metiiUic  sulphides 
undergo,  when  heated  without  the  access  of  atmospheric'  air,  is  to  the  metol- 
Inrgiflt  a  ccmsideration  of  importance.  Gkdena  treated  in  this  way  suffers  par 
tial  decomposition ;  so,  in  like  manner,  does  the  monosulphuret,  or  monosul 
pbide  of  copper, — a  sufficient  amount  of  sulphur  being  evolved  from  it  to  yield 
disolphide  of  copper  as  the  permanent  fixed  result.  The  liigher  sulphur  com- 
binatians  of  iron,  or,  chemically  speaking,  the  sulphur  salts  of  that  metal, 
geaerated  by  the  combination  of  two  snlphurets  or  sulphides,  also  give  a 
p(atioii  of  their  sulphur  when  exposed  to  high  heat  in  close  vessels.  Mono- 
SQ^hide  of  iron,  however,  does  not  yield  up  any  of  its  oxygen  by  the  mere 
piocesfl  of  heating  in  close  vessels.  Tlie  sulphide  of  zinc  (zinc  blende)  is  un- 
changed by  the  highest  temperature ;  so,  in  like  manner,  is  the  sulphide  of 
silver.  The  sulphides  of  gold  and  of  platinum  are  decomposed  when  heated 
into  sulphur  and  their  respective  metals.  The  sulphide  of  mercury  can  be 
distilled  without  change.  Sulphide  of  antimony  melts  at  a  high  red  heat, 
afiarwards  distils  over  unchanged.  The  mono-  and  the  ter-sulphide  of  arsenic 
(orpiment  and  realgar)  both  fuse,  and  distil  without  undergoing  any  decom- 
position. 

By  fax  the  more  important  and  usual  method,  however,  of  effecting  the 
Teductioii  of  metallic  sulphides,  consists  in  exposing  them  to  the  combined 
agency  of  heat  and  atmospheric  air — constituting,  in  point  of  fact,  the  opera- 
taon  of  roasting.  Usually,  the  change  which  ensues  during  the  operation  of 
itMusting,  is  the  conversion  of  sulphur  of  the  sulphide  into  sulphurous  acid  gas, 
which  escapes;  the  original  sulphide,  either  losing  a  part  of  its  BiuVpYiXUt,  «sl^  \ 
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being  thus  reduced  to  the  lower  stage  of  sulphurizatlou»  or  else,  losing  the 
whole  of  its  sulphur,  oxygen  is  absorbed  in  place  of  the  latter.  Occasioiuilly 
the  sulphurous  acid  first  generated  absorbs  the  necessary  amount  of  oxygen, 
to  change  it  into  sulphuric  acid,  which  combining  with  the  metallic  oxide 
simultaneously  generated,  gives  rise  to  the  sulphate  of  an  oxide.  This  latter 
is  the  case  when  galena  (sulphide  of  lead)  is  roasted,  the  final  result  of  the 
operation  being  oxide  of  lead,  and  sulphate  of  oxide  of  lead.  This  change  is 
eminently  favourable  to  subsequent  metallurgic  operations  of  which  galena  is 
the  subject.  If  the  galena  be  argentiferous,  the  following  reactions  ensue. 
The  mixture  of  oxide  of  lead  and  sulphate  of  the  same  oxide  being  heated  to 
whiteness  in  contact  with  silver  (of  the  argentiferous  galena),  oxidizes  the 
silver  by  decomposition  of  the  sulphuric  acid,  of  the  sulphate  and  oxide  of 
lead ;  hence  there  results  a  mixture  of  oxide  of  silver  and  of  lead — a  mixture 
easily  dealt  with,  and  deoxidized  by  a  subsequent  operation.  The  sulphide 
and  disulphide  of  copper  are  changed  by  roasting,  into  dioxide  of  copper  and 
sulphurous  acid,  and  sulphate  of  the  oxide  of  copper,  which  latter,  when  the 
temperature  is  raised  to  the  highest  pitch,  evolves  the  whole  of  its  sulphuric 
acid  and  oxygen ;  leaving  metallic  copper.  Monosulphide  of  iron  by  roasting 
imdergoes  many  progressive  changes ;  beginning  with  the  formation  of  pro- 
toxide of  iron  and  sulphurous  acid,  and  ending  in  the  development  of  sesqni- 
oxide  of  iron.  Sulphide  of  zinc  (zinc  blende)  slowly  changes  under  the 
influence  of  roasting,  first  into  oxide  of  zinc,  and  sulphate  of  the  oxide ;  then 
into  subsulphate  of  the  oxide ;  and,  lastly,  into  oxide  exclusively.  Sublimate 
of  bismutli  changes,  under  the  influence  of  roasting,  into  oxysulphuret :  snl- 
phide  of  silver  is  decomposed,  and  yields  metallic  silver.  Tersulphide  of  anti- 
mony changes  under  roasting  into  antimonious  and  antimonic  acid.  The 
sulphide  and  tlie  sesquisulphide  of  arsenic  are  changed  into  arsenious  and 
arsenic  acids. 

By  a  modification  of  the  same  process,  sulphide  of  nickel  admits  of  decom- 
position into  a  mixture  of  oxides  and  sesquioxides  of  that  metal.  Sulphide 
of  cobalt  is  also  decomposed  into  a  mixture  of  oxide  of  that  metal  and  sol 
phate  of  tlie  oxide.  Finally,  the  sulphides  of  gold,  platinum,  and  merciuy 
are  also  reduced  to  the  metallic  state,  sulphurous  acid  gas  being  evolved. 

Another  element  equal  in  importance  to  oxygen,  requires  the  attention  of 
the  metallurgist.  Chlorine  has  a  tendency  to  induce  metals  to  crystallize, 
and  causes  consequently  fluidity  and  brittleness.  Chlorine  removes  all  other 
matter  from  metals  when  the  latter  are  in  a  state  of  fiision.  Carbon,  sulphur, 
and  phosphorus  are  drawn  off  by  it,  and,  if  the  heat  is  continued,  the  chlo- 
rine itself  escapes  with  a  portion  of  the  metals,  but  only  when  a  minute  pro- 
portion is  present ;  it  is  thus  a  powerful  element  in  tlie  purification  of  metals. 
Lead  smelted  from  chlorides  is  purer  than  from  oxides  and  sulphurets,  and  its 
proper  application  to  smelting  and  refining  purposes  has  a  most  beneficial 
influence.  Zinc  does  not  readily  combine  with  iron  unless  chlorine  be  present ; 
it  removes  oxygen  from  the  protoxides,  thus  purifying  the  surface  and  pre- 
paring it  for  closer  union  with  an  alloy.  AU  metols  smelted  under  the  in- 
fluence of  chlorine,  are  inclined  to  oxidize,  unless  it  is  removed  entirely.    It 
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8  to  the  metals,  powerfiil  as  a  means  of  fluxing  slags  and  ores,  and 
flmdily ;  its  use,  therefore,  ought  to  be  much  more  extended  than 
1. 

uMoMf  and  B parting, — ^These  processes  are  more  frequently  made 
I  any  other  operation  had  recourse  to  by  the  practical  metallurgist  for 
he  elimination  of  sulphur  and  other  volatile  substances  from  the 
1  are  sulphides  or  sulphurets.  No  agency  is  so  commonly  employed 
though  the  mention  of  a  few  others  should  not  be  omitted ;  amongst 
r  be  enumerated  the  combined  application  of  heat,  and  aqueous 
)f  heat,  and  the  decomposing  agent  of  a  metallic  oxide ;  finally,  of 
the  decomposing  agency  of  alkalies,  alkaline  earth,  and  their  com- 
As  a  general  rule,  however,  we  may  regard  all  other  metallurgic 
having  reference  to  the  decomposition  of  sulphurets,  rather  as  preli- 
tay  operations,  than  the  final  processes  capable  of  adoption  by  the 
irer. 

rocess  of  calcination  is  generally  adopted  to  remove  volatile  sub- 
Iron  and  zinc  ores  are  heated  to  expel  water  from  them,  and  iron, 
zinc  are  calcined  to  expel  carbonic  acid.  Water  will  escape  by  the 
1  of  a  gentle  heat ;  but  if  much  clay  be  present  with  the  ore,  it 
maciously  to  the  mineral.  Calcination  is  most  conveniently  per- 
a  crucible,  because  no  stirring  of  the  mass  is  required.  The  heat 
iimace  is  generally  sufficient  for  the  performance  of  this  operation. 
)eration  of  roasting  is  performed  by  various  processes  depending  on 
I  of  the  ore,  the  quantity  of  the  fuel,  and  the  object  in  view.  Boast- 
ps  in  the  open  air  is  the  method  most  generally  adopted  with  iron 
s,  and  ores  which  can  bear  a  strong  fire.  The  operation  consists 
ng  over  a  plane  surface  of  ground  billets  of  wood,  or  lumps  of 
)al,  fr*om  six  to  eight  inches  thick,  the  interstices  betrveen  the  coarse 
filled  up  with  chips  of  wood,  charcoal,  coke,  or  coal.  Over  the  fuel 
ired,  according  to  the  kind  of  ore,  is  spread  a  layer  of  from  twelve 
four  inches  in  thickness.  Coarse  ore,  which  will  bear  a  great  heat, 
led  pretty  high ;  but  fine  crushed  ore  from  the  stamps,  and  ores 
)lt  easily — such  as  sulphurets  or  ar8eniuret»— should  not  have  too 
in  a  body,  nor  the  ore  piled  over  high. 

ite  beds  of  fiiel  and  ore  are  thus  formed,  and  roasting  heaps  accu 
^hich  are  in  many  cases  extremely  large,  retaining  the  fire  for  a 

Qg  means  heating  a  substance  to  such  a  point  tliat  the  mineral  does 
but  at  which  the  volatile  substances  arc  expelled,  and  as  much 
mbined  with  tlie  ore  as  it  can  absorb.  In  some  cases,  chlorine, 
icid,  or  steam  is  required  along  with  the  air ;  in  other  instances, 
is  to  oxidize  the  ore  to  a  higher  degree,  to  drive  oS  volatile  matter, 
ice  the  ore  to  metal,  and  evaporate  it,  as  in  the  case  of  arsenic, 
guutimony. 

ndency  of  carbon  to  unite  with  metals  is  slight  and  circumscribed ; 
aetals,  considered  in  a  metallurgic  sense,  are  amenable  U>  ^bi&\axv.^ 
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of  coinbiuatiou, — copper  and  iron  :  nevertheless,  they  are  the  most  important 
of  all  metals ;  and  without  the  carburets  of  iron  (cast-iron  and  steel),  the  moet 
useful  purposes  to  which  iron  is  now  applied  could  never  have  been  subserved. 
The  union  of  carbon  with  copper  is  only  productive  of  inconvenience,  and  the 
care  of  the  metallurgist  is  devoted  to  effect  the  removal  of  the  former ;  but  in 
the  case  of  iron,  though  on  one  hand  the  removal  of  carbon  is  a  mctallurgic 
process  highly  desirable  in  order  that  soft  wrought-iron  may  result,  neverthe- 
less, on  the  other  hand,  the  problem  of  causing  the  union  of  soft  iron  with 
carbon,  is  one  of  importance  equally  great ;  for  on  its  successful  issue  depends 
the  conversion  of  iron  into  steel. 

As  regards  the  theory  of  the  metallurgic  processes  had  recourse  to  for  effect- 
ing the  removal  of  carbon,  they  are  such  as  naturaUy  suggest  themselves  from  a 
chemical  consideration  of  the  properties  of  that  non-metallic  element.     Carbon 
is  the  most  ordinary  material  of  combustion  known  to  man ;  it  is  the  very 
type  of  combustible  bodies.    To  deprive  a  cai*bm*et  of  its  carbon,  therefore, 
nothing  seems  more  natural  than  to  bum  it  away.    This  is  indeed  the  pro- 
cess usually  followed.    It  lies  at  the  basis  of  iron-refining  and  puddling ;  still 
more  obvious  is  the  application  of  the  combustive  energy  in  the  new  operaticn 
of  Mr.  Bessemer.    Combustion,  nevertlieless,  is  not  the  only  agency  taken 
advantage  of  for  effecting  tlie  removal  of  carbon  from  iron.    A  very  elegant 
process  for  converting  steel  or  cast  iion  into  soft  or  decarbonized  iron,  consists 
in  exposing  an  article  fabricated  of  either  of  these  materials,  to  heat  in  con- 
tact with  iron  oxide.    The  chemical  agencies  thus  involved  are  sufficiently 
obvious.    The  oxygen  by  its  affinity  for  carbon  at  an  elevated  temx>erature 
unites  with  it,  forms  carbonic  acid,  and  is  evolved,  leaving  the  iron,  to  the 
extent  of  the  removal  of  carbon  thus  effected,  pui-e.    The  process  in  question 
unfortunately  has  but  an  application  restricted  to  a  limited  number  of  articles 
of  inconsiderable  dimensions. 

The  union  of  soft  iron  with  carbon,  or,  in  other  words,  the  formation  of 
steel,  is  usually  effected  by  the  pi-ocess  known  as  cementation.  It  consists  in 
stratifjdng  bars  of  iron  with  charcoal  in  an  iron  case,  and  subjecting  the 
whole  to  furnace  heat,  until  the  desired  union  of  the  carbon  with  the  iron  has 
been  effected.  The  chemistry  of  this  union  is  very  peculiar ;  furnishing  an 
almost  imique  example  of  combination  ensuing  between  bodies  neither  fluid 
nor  gaseous,  and  contravening  the  long  accepted  chemical  axiom,  corpora  non 
agunt  nisijluida.  Perhaps  however,  after  all,  the  exception  is  more  apparent 
than  real.  Laurent  was  of  opinion  that  the  carbon  thus  entering  into  com- 
bination with  iron,  and  forming  steel,  became  actuaUy  vaporized  by  the  heat 
employed.  Stammer  advances  another  hypothesis :  he  beUeves  that  the  play 
of  affinities  resulting  in  the  union  of  carbon  with  iron,  is  more  complex  than 
had  up  to  his  experiments  been  imagined.  He  infers  that  a  mixture  of  iron  and 
oxide  of  that  metal,  when  brought  to  an  elevated  temperature,  as  in  the  process 
of  cementation,  in  contact  vnfh  carbonic  acid  gas,  robs  the  latter  of  its  oxygen, 
thus  liberating  carbon ;  which,  whilst  still  in  this  condition,  unites  with  the 
metal  to  form  a  carburet 

Though  the  great  magazine  of  phosphorus  in  creation  is  the  bones,  and 
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some  of  the  fluids  of  animals,  nevertheless,  phosphoric  acid,  combined  with 
oxides  of  metals  and  constituting  phosphates  of  these  oxides,  give  rise  to  a 
small  though  important  group.  Perhaps  no  element  wherewith  metals  are 
natnrallj  found  in  combination  is  more  difficult  to  separate  effectually,  or  exerts 
a  more  deteriorative  influence  when  present,  even  in  minute  quantities,  than 
phosphorus.  The  processes  usually  had  recourse  to  by  the  metallurgist  for 
effecting  the  separation  of  phosphorus,  are  based  upon  the  employment  of 
some  body  niiich  manifests  a  strong  affinity  for  phosphorus  at  elevated  tem- 
peratores.  Of  this  kind  is  chalk,  which  is  sometimes  employed  for  tlie  pur- 
pose of  separating  phosphorus  from  iron. 

Occasionally,  thou^  not  veiy  often,  the  metallurgist  has  to  deal  with  the 
extraction  of  metals  from  their  salts,  both  oxygenous  and  haloid.  This  kind 
of  extraction,  too,  involves  not  merely  the  dry  process,  but  also  tiio  use  of 
chlorine  and  of  acids.  Platinum  is  a  metal  which  has  to  be  dealt  with  ex- 
clusively by  the  process  of  moist  solution.  limiting  our  observations  for  the 
present  to  the  case  of  dry  operations,  we  find  that  certain  metallic  salts  are 
decompoBable  by  heat  alone,  whilst  others  require  the  agency  of  some  collateral 
reducing  body.  Most  of  the  salts  of  the  metals,  gold,  platinum,  and  silver, 
are  characterixed  by  their  fiusility  of  complete  decomposition,  by  the  mere 
application  of  heat  Of  this  change,  the  chlorides  of  gold,  of  platinum,  and 
the  sulphate  of  the  oxide  of  silver,  present  fiamiliar  examples.  Many  other 
metallic  salts  when  subjected  to  the  agency  of  heat,  instead  of  being  reduced 
to  the  metallic  form,  yield  their  several  oxides.  The  sulphate  of  iron  and 
the  sulphate  of  copper  are  of  this  class, — ^yielding,  when  sufficientiy  heated, 
oxidea  of  the  respective  metals. 

To  the  practical  metallurgist,  the  most  interesting  series  of  saline  decom- 
position by  fire,  and  deoxidizing  materials,  are  those  in  which  the  sulphates 
of  difierent  metala  are  concerned.     Sulphates  difler  merely  from  sulphides 
(viewed  as  to  their  composition)  in  the  mere  circumstance  that  the  former  con- 
tain oxygen,  whilst  the  latter  do  not :  hence,  when  sulphates  are  heated  in 
contact  with  eoal,  coke  or  other  deoxidizing  matter,  oxygen  is  frequently 
removed  and  a  sulphide  remains.    The  relative  ^Eunlity  of  this  kind  of  decom- 
positian  vaxies  for  different  sulphates,  but  it  furnishes  a  type  of  most  of  the 
decompositions  which  ensue  when  sulphates  are  exposed  to  the  combined 
agency  of  deoxidizing  materials  and  heat    Of  all  the  salts  which  come  under 
;  metallnrgie  cognisance,  the  chlorides  next  to  the  sulphates  are  most  impor- 
!  tint    The  reduction  of  the  chloride  of  silver  forms  the  basis  of  the  mode  of 
I  silver  extraction  followed  in  America,  Hungary,  and  various  parts  of  Europe ; 
I  the  reducing  agent  being  iron.    Various  other  methods  of  reducing  chlorides 
I  to  the  metallic  state  are  followed  in  the  processes  of  metallic  assaying ;  and, 
aUhon^  not  much  involved  in  the  practice  of  metallurgy  on  the  large  scale, 
tre  still  of  great  importance  to  the  metallurgist.    The  reduction  of  chloride  of 
I  nhrer  by  heating  with  alkalies, — of  the  chlorides  of  certain  metals  by  the 
'  eoDtaei  of  another  metal ;  and  of  the  chlorides  of  gold  and  platinxmi  by  sul- 
phnronBy  oxalic,  anenious,  and  formic  adds,  sulphate  of  iron  and  a  few  other 
reagents — ace  familiar  examples.  \ 
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CHAPTER  n. 

SPECIAL  METALLUROIC  OPERATIONS. 

We  now  come  to  the  principles  on  which  metallurgic  processes  are  based,  and 
the  practical  application  of  these  principles.  Mechanical  and  chemical  sciences 
are  here  involved, — the  former  to  effect  a  due  comminution  of  the  extracted 
ore  from  foreign  impurities ;  the  latter  to  complete  this  separation  and  evohe 
the  metal  in  a  condition  as  near  that  of  absolute  purity  as  may  be  possible 
or  desirable.  The  mechanical  part  of  metallurgy  can  only  be  discussed 
advantageously  hereafter;  in  this  introduction,  therefore,  we  shall  limit 
ourselves  to  an  exposition  of  the  chemical  principles  of  metallurgic  opera- 
tions. 

Between  abstract  chemistry,  if  the  term  be  allowable,  and  technical 
chemistry,  there  seems  a  wide  difference  at  a  first  glance.  The  only  real  dis- 
tinction between  them,  however,  will  be  found  to  be  one  of  degree.  The 
principles  are  the  same,  and  both  are  amenable  to  the  same  laws:  the 
laboratory  chemist,  however,  having  more  agents  at  his  command — ^being 
little  amenable  to  considerations  of  profit — more  readily  carries  these  indica- 
tions out  to  their  several  finalities. 

The  chemical  part  of  metallurgy  has  for  its  object  the  separation  of  various 
substances,  and  tlie  isolation  of  a  few,  by  the  operation  of  chemical  affinities; 
being  amenable  thus  to  ordinary  rules  of  chemical  guidance,  the  first  of 
which  is  based  upon  the  law  that  chemical  action  takes  place  (with  few  ex- 
ceptions, and  those  doubtful)  between  portions  of  matter  the  cohesion  of  which 
is  slight.  Reversing  the  proposition,  we  may  also  say  that  chemical  decom- 
position is  effected  by  loosening  the  state  of  cohesive  affinity. 

Of  the  three  forms  in  which  matter  is  found,  namely,  the  solid,  the  fluid, 
and  the  gaseous  state,  respectively,  it  is  evident  that  the  two  latter  are  most 
under  the  control  of  cohesion ; — gases,  indeed,  are  often  said  to  be  absolutely 
devoid  of  cohesion  as  between  their  particles ;  a  proposition  which,  thou^ 
chemically  unsound,  may  be  considered  to  be  practically  correct. 

The  metallurgist,  then,  in  effecting  his  niunerous  decompositions,  proceeds 
to  diminish  the  cohesive  force  by  which  the  particles  of  his  material  are  held 
together.  He  begins  by  mechanical  processes — ^by  hammering,  grinding, 
stamping,  &c.  When  these  can  go  no  further,  he  has  recourse  to  chemical 
means.  The  problem  now  is  to  liquefy,  or  to  gasify — ^usually  the  former, 
though  many  important  mineralogical  operations  involve  the  production  of 
gas,  or  at  least  of  vapour ;  for  gases  and  vapours  may  be  generally  regarded 
as  identical  Supposing  liquefBustion  to  be  the  object  in  view,  the  metalluigist 
has  the  choice,  theoretically,  of  dissolving  his  substance  in  chemical  menstroa 
or  of  fusing  it  by  heat.  The  former  alternative  is  superior  in  the  conectness 
of  its  results,  and  for  that  reason  is  usually  adopted  by  the  laboratory 
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st ;  but  it  is  BO  expenaiTe,  uid  eiaw,  and  inapplicable  where  lai^ 
a  are  concerned,  that  it  is  never  adopted  bj  the  metallurgist,  othenrifie 
bj  necessitj.  With  the  exception  of  platmum  and  its  aBsodalea,  all 
d  cKcloHiYcly  by  the  process  of  solution  in  chemical  meustraa — hy  the 
process,  in  point  of  bet — gold  occasionallf.  and  a  few  of  the  common 
9  under  certain  pecnliar  conditions,  the  moist  process  of  effecting  solu- 
f  cobesivcness  may  be  regarded  as  bejond  the  pak  of  applied  metal- 

e  have  thns  limited  the  metallurgist  to  tbo  agency  of  fire;  and  we  have 
led,  as  is  moat  usual,  that  the  object  of  fiimnce-beat  shall  be  to  reduce 
aterial  to  the  condition  of  fluidity.     We  might,  tberefure,  at  once,  pur- 

the  thread  of  demonstration,  enter  upon  the  theory  and  operation  of 
,  were  it  not  that  a  case  of  effecting  chemical  decomposition  by  the 
tion  of  gas  or  vapour  sometimes  precedes,  and  therefore  claimB  prece- 

in  our  remarks.  Many  ores  either  contain  aubstances  naturally  volo- 
r  which  generate,  under  the  combined  influence  of  beat  and  air,  volatile 
nations.  Sulphur  and  arsenic  are  prominent  esamples  of  this  kind,  and 
well  to  illustrate  that  application  of  n  chemicul  law  wluch  is  involved  in 
letaUorgic  process  of  roasting  or  caldnatiou ;  reBpeclhig  which  fiuf 
;  particulorB  in  an  earlier  part  of  this  introduction  have  been  already 

le  process  of  roasting  is  variously  modified  to  accord  with  the  peculinri- 
'  certain  metals,  or  to  gain  tbo  precise  end  deEired.  lu  some  cases  it  is 
ire  than  tlie  process  known  to  chemists  as  dry  distillation ;  in  other 
its  snccess  depends  on  the  combined  agency  of  on  atmospheric  conent 
ilied,  for  instance,  to  the  evolution  of  Bntimony. 

longh  the  metollnr^o  operation  of  roasting  involves  a  well  marked  ci 
efection  applied  to  a  definite  end,  yet  similar  results  are  ubtuiued  under 
int  fonns  of  apparatus.  The  operationa  involved  in  the  production  of 
17  and  zinc  arc  famihar  examples.  Both  these  metals  are  remarkaUa 
ax  extreme  volatility,  the  first  especially 
Bnc«  the  process  of  metallurgy  adopted 
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rly  BO  called,  or  of  roasting  as  popularly 
stood,  but  as  one  of  veritable  distillation. 
iry  is   frequently  produced   by  aimplo 
lation,  without  the  addition  of  fiux  or 
o  also  is  arsenic ;  but  in  m 
1,    and  such  substances  a 
re,  ore  added.     In  the  mercury  distil- 
-fumace  here  annexed  (Fig.  1)  ^e  simi- 
to   ordinary  distillation  vcsaels  and  * 
era  is  sufficiently  obvious ;  not  very  r- 
either,  is  the  similarity  to  the  ordinary  ^-  '■ 

stion  apparatus  shown  by  tiie  Bel^on  furnace  for  zino  oxtractioB  (Fig. 
"here  is  no  difficulty  in  smelting  zinc  under  cover  of  cbAohbAb  rf.  Bb&Oi  \ 


and  potosli  n-iUi  carbon,  but  (liia  ia  an  expensive  flux,  and,  n-)ien  not  doselj 
ff&tched  when  fiuid,  the  lass  m&y  exceed  tlie  value  of  tbe  metal  obtuned. 
It  is  far  these  rcasona  fotmd  good  economy  to  mix  the  ziuc  blende  with  iro 
cilthiiiigb  tltc  licat  required  by  tliis  jiroceBs  is  much  gre»lei 
than  for  ssieltiiig,  it  is  asserted  that  diatiUation  is  the 
ciieaper  process.  The  apparatus  here  figured  is  a  Tertical 
section  of  a  Aunnce  nith  its  retorts,  of  which  there  w 
as  many  as  twcntj--two.  They  are  placed  about  two 
inches  apart  from  each  other  to  udmit  Ihe  passage  of  hot 
gases  from  tlie  furnace.  The  melal  which  condonsea  ii 
UifiKC  gently  doping-pipea,  rcquirea  to  be  raked  out 
■  ~}  every  two  houTB  to  prevent  them  from  being  chokai 
»[),  and  twelve  hours  ore  required  to  work  off  a,  charge. 
Perhaps  the  Torioiis  parts  of  an  English  ziiK 
oven  may  not  be  quite  so  siiRgestivo  of  » 
dialiUatory  process;  nevertheless  they  arc 
representatives  of  a.  form  of  distillatory  appa- 
ratus perhaps  more  ancient  than  any — a 
form  known  to  the  alchemists,  and  described 
by  them  under  the  name  of  datiUalio  prr 
dearennim  (Fig.  3).  A  vertical  section  i 
given  of  this  apparatns.  They  are  aarat 
times  round,  sometimes  square,  having  six  o 
eight  crucibles  inserted  iu  one  Aimace,  ai 
i|pipo  inserted  into  the  bottom 


n«.j. 


of  the  crucible  condncting  the  metal 
into  tt  reservoir,  wliich  is  filled  with 

The  theory  of  this  process  is  veij 
simiile:  the  oxido  of  zinc  mined  w' " 
carbon  is  reduced  to  metal  on  being 
ignited ;  and  the  melol.  being  vola- 
tile, passes  in  tlie  form  of  vaponr  to 
the  receiver,  where  it  ia  condensed  in 
the  form  of  a  crude  impure  i 
which  requires  a  further  process  of 
refining  before  it  ia  lit  for  conunerdal 
purposes. 

FlnseB. — Assuming  the  process 
of  roasting  to  hare  been  necesKary 
and  to  have  been  applied,  ond  that  a 
extracted  from  the  non-volatile  r 

called  tmelting.   A  slight 


metallic  eubatance  still  remains  to 

due,  a  process  of  foaion  must  be  had 

chemical  consideration  of  the  materials  wherewith  roetola  are  ordinarily 

combined,  will  bring  to  mind  the  fact  that  some  are  really  or  practically 

iiifosible.     But  fusion  the  metallorgist  must  have :  the  theoretical  choice 
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ifore  him  ttf  choosing  between  the  moiat  or  solvative,  and  the  dry 
oua  proceM  of  e&cting  liqnidi^.  He  wm  driven  by  practical  consider- 
to  accept  the  latter;  therefore  foaibility^  ia  a.  condition  so  indispensable 
esB  in  his  fatnre  opentiona  that  he  muBt  have  it.  How,  then,  was  be 
B  the  problem  of  effecting  the  Aiaibilitjr  of  things  which  aie  bj  their  Da- 
fusible  ?  Chemistry  renders  the  solution  of  this  problem  easy :  there  are 
nbetanoee  which,  though  in- 
vfaen  heated  by  themselvefi. 
ladily  enon^  when  heated 
ibiuAtion;  hence  arisea  the 
of  Jituce*  and  fluxing,  these 
being  reepectively  applied  to 
ooes  which  imjMit  igneona 
',  when  heated  with  other  rob- 
i,tttid  to  the  manner  of  using 

Silica,  or  silicic  acid,  is  an 
'le  body  when  heated  alone; 
belcBS  it  fuses  when  suffi- 
heated  in  contact  with  pot 
ida,  or  their  respective  car- 
B ;    and  lees  readily  when 

in   contact  with    alkaline  UK- 3. 

Hence  if  the  metallargio  problem  were  to  present  itself,  of  exteact 
netal  by  fiie  from  a  mixture  of  the  same  with  silica  (chemically  silicic 
potash,  or  soda,  or  their  respective  carbonates,  would  be  had  leconrse 
preference  to  all  others,  if  considerations  of  profit  and  loss  did  not 
me.  The  price  of  the  alkalies  and  carbonates  of  alkalies  doeN 
mit  of  their  common  application  to  the  purposes  of  a  flax  on  the  large 
orgic  scale ;  wherefore  the  smelter,  not  being  able  to  use  the  flux  which 
jtiy  proclaims  to  be  the  best,  contents  himself  with  a  substitute  as  near  to 
oretie  qaaU^  as  may  be  practicable.  Thus  where  alkalies,  or  carbonates 
lies,  would  have  been  employed  to  facilitate  igneous  fusion  in  the  labo- 
and  on  the  small  scale — probably  lime,  or  carbonate  of  lime,  would  be 
red  in  the  larger  representation  of  the  process  as  performed  by  the 
itgist. 

t  only  do  the  alkalies  and  their  carbonates  perform  the  fimctions  of 
to  silicic  acid,  but  also  to  several  metallic  oxides ;  amongst  which  those 
1,  copper,  and  iron  may  be  dted  as  familiar  examples.  Every  person 
that  flint-glasB,  as  it  is  colled,  contains  oxide  of  lead,  that  black  bottle- 
(Hltoina  oxide  of  iron — combinatJons  which  illustrate,  perhaps,  as  well 
we  ooold  adduce,  the  quality  of  the  alkalies  which  imparts  to  them  the 
of  •  flux.  VThen  it  is  considered  that  nearly  all  tlie  colours  which  con 
arted  to  glass,  nay,  which  an  imparted  to  porcelain  and  enamel,  are 
le  to  combinations  of  metallic  oxides  with  silicic  acid,  a  eUll  further 
will  be  conveyed  of  the  extensive  range  of  combination  which  may  be 
ad  by  sQido  add  under  the  influence  of  igneous  fuuon. 
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Next,  perhaps,  to  potash  and  soda,  in  respect  to  its  large  range  of 
agency  as  an  igneous  flux,  comes  borax.  Seldom  is  it  that  the  assayer  in  his 
laboratory  operations  on  mineral  ores  by  fire  dispenses  both  with  alkalies 
and  ^itli  borax ;  but  here  in  this  case,  again,  considerations  of  expense  re- 
strict Uio  appUcation  of  this  material  to  the  laboratory,  and  the  amelter  is 
obliged  to  content  himself  with  fluxes  much  lower  in  the  scale  of  chemical 
power  and  efficiency.  Perhaps,  however,  there  may  not  be  so  many  adysn- 
tagcs  lost  from  the  non-employment  of  laboratory  fluxes  on  the  large  scale  as 
is  sometimes  imagined.  To  adopt  soda,  or  potash,  or  borax,  though  compatible 
with  tlio  economical  arrangements  of  the  laboratory  chemist,  who  will  not 
hoaitato  to  ruin  a  crucible  at  each  operation,  might  still  accord  very  ill  with  tbe 
tHH^ouomy  of  fumai^e-building.  The  alchemists  tried  to  discover  a  fluid  which 
should  have  the  property  of  dissolving  all  things  wherewith  it  might  come 
into  ooutm*t :  they  neglected  to  reflect  that  a  necessity  would  arise  for  a  vessel 
ti>  koop  it  in.  It  might  be  thus  with  metallurgists  on  the  large  scale,  if  laho- 
ratory  tluxos  were  cheap  enough,  and  plentiful  enough,  to  be  adopted  on  the 
largo  sonic. 

Though  tlie  mmiber  of  fluxes  which  the  metallurgist  has  at  his  command 
for  lui*gi»  o|H^n\tions  of  smelting  be  inconsiderable  by  comparison  with  those 
omplo^Yod  in  labiiratory  operations,  nevertheless  the  process  of  assaying  is  one 
so  important  to  tlio  metallurgist  that  every  flux  known  to  the  chemist  deserves 
his  oousidonition.  Under  the  subject  of  assaying,  therefore,  to  be  adverted 
to  hon^ifter,  tlio  chemical  agents  will  be  fully  (iUscussed. 

The  prt^Umiuar}'  o|H}ration  of  dressing  having  been  performed  on  a  mine- 
ral, also  tho  furtlier  operation  of  roasting  if  necessary,  the  final  operation  of 
smolting  uatunilly  follo\\-s.  After  tlie  general  statement  we  have  given  of  the 
iiutun*  and  pri^inrtios  of  fluxes,  it  will  be  seen  that  the  operation  of  extracting 
Miotul  fn»iu  II  niotallio  ore  by  smelting,  consists  in  subjecting  it  to  fumace- 
lioat  in  uilmixture  with  si>me  flux,  the  object  of  the  latter  being  twofold ;  pri- 
marily ti»  li«iuofy  luul  dissolve  a>vay  refuse  matters,  by  themselves  infusible ; 
ami,  HtuHuularily,  in  some  cases  to  aid  the  decomposition,  by  the  result  of 
wliit^h  tho  motiU  is  evolved  from  its  combinations.  It  remains  now  for  tiie 
oouiphaiiui  of  our  skoUh  of  tlie  appliances  of  metallurgy,  that  we  indicate  the 
IHuniliuritioM  of  Uio  ditVoreut  furnaces,  and  the  appendages  by  means  of 
whioh  tlio  oporuiii^u  of  smelting  is  efiected. 

ruvnao^a. — Tho  various  forms  of  fiimaces  admit  of  division  into  two  well- 
markod  primary  olasst  s  :  one  class  m  which  the  material  to  be  acted  upon  is 
Imiught  111  dirt»ot  ooiitaot  with  fuel ;  the  other  class  in  which  the  acting  fuel 
i»ml  tho  matoriul  aHod  uinni  are  separated  from  each  other. 

Mllior  of  thoHo  fuiuaoos  may  K>  supplied  with  air  firom  a  blast  of  some  kind, 

oi-  tlioy  may  dopoml  for  tlu  ir  supply  of  air  on  the  draught  of  a  chimney-shaft: 

"»^|^«'«'^  l«»Kly .  Ill  ivfon^uoo  to  Uiose  pecuharities  we  establish  a  division  of  furnaces 

M  ,V   M  *^*""'T  ""^^  ^^-iwd-fumaces.    The  first  class  of  furnaces,  or  those  m 

1  n  1.1  »!!.  *"!'^'''"'*  ""'^  ^^'"^  ^''""^  ^  P^«<^«^  ^  ^o^^^*  diflTer  in  form  and 

"n^    ..^r  ^  certain  obvious  peculiarities  of  construction. 

/        '• '^'^>'  *^^»»»^»«^  ^»f  '^  ««t  expansion  or  hearth,  upon  whioh  the  fuel  mav 
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either  smoulder  and  develop  a  long-continued  gentle  heat,  as  in  the  ordinary 
lime-Idln ;  in  the  kiln  or  hearth  upon  which  copper  pyrites  and  copper  matte 
are  heated  or  Toasted^  and  in  many  similar  forms  of  hearth-furnace  employed 
by  metaUurgists,  chiefly  to  accomplish  roasting  operations ;  or  the  fuel  may  be 
urged  to  almost  the  highest  degree  of  heat  of  which  a  furnace  is  capable,  as 
we  see  exemplified  in  the  smith's  forge.  A  modification  of  this  form  of  furnace 
is  employed  in  Britain  in  the  smelting  of  considerable  portions  of  our  lead 
ore.  If,  however,  it  be  desired  to  raise  the  intensity  of  furnace  heat  to  the 
highest  point,  the  hearth-construction  of  furnace  must  give  place  to  others  on 
the  type  of  a  cylindrical  or  conoidal  vessel.  Perhaps  the  highest  degree  of 
Inmace-heat  known,  is  yielded  by  our  enormous  iron  blast-furnaces,  hereafter 
to  be  described  in  the  treatise  on  iron. 

Usually  the  aid  of  an  artificial  blast  is  only  sought  for  the  first  division 
of  furnaces,  namely,  those  in  which  the  fuel  and  tlie  material  to  be  acted  upon 
are  employed  together.  This,  however,  is  by  no  means  universal.  To 
furnaces  in  which  the  substance  acted  upon  does  not  come  into  contact 
with  the  fdel  used,  the  term  reverberatory  furnace  is  applied.  Amongst  other 
metallurgic  appHcations  of  this  third  kind  of  furnace,  those  of  iron  puddling 
and  balling  may  be  especially  mentioned. 

Still  more  important  than  an  acquaintance  with  tlie  various  terms  conven- 
tionally applied  to  furnaces,  to  the  form  of  their  construction,  or  the  objects 
they  are  intended  to  subserve,  is  a  full  comprehension  of  the  chemical  principles 
upon  which  their  efficiency  depends ;  and  with  that  we  have  to  deal  here.  A 
fdmace  may  be  said  to  be  a  contrivance  for  giving  the  best  practical  effect  to 
the  laws  of  combustion  as  directed  to  some  practical  end.  It  will  hence  be 
proper  that  we  take  a  casual  glance  at  these  laws,  as  a  branch  of  chemical  phy- 
[  sics  applied  to  metallurgy.  AH  ponderable  bodies  are  conventionally  divided 
into  combustibles  and  supporters  of  combustion ;  thus,  for  example,  coal  is  said 
to  be  combustible,  and  air,  or  rather  the  oxygen  contained  in  the  air,  is  said  to 
be  the  supporter  of  combustion  tmder  the  usual  circumstances  involved  in  the 
ordinaiy  combustion  of  coal.  This  division,  though  usual,  is  purely  conven- 
tional ;  the  function  of  combustion  being,  in  point  of  fact,  a  result  of  chemical 
action  betwen  two  agents,  and  appertaining  to  both ;  whence,  in  strict  language, 
eoal  or  the  materials  of  coal  and  atmospheric  oxygen  gas  are  equally  the  subjects 
of  combustion,  and  therefore  combustible.  Nevertheless  the  conventional 
distinction  between  combustibles  and  supporters  of  combustion  has  attained  a 
certain  significance,  rendering  it  convenient  of  application  in  a  practical  sense. 
If  we  mentally  review  the  substances  of  combustion  they  are  such  as  most 
obviously  present  themselves  to  common  observation.  Before  the  employ- 
ment of  hydrogenous  gas  for  heating  and  illuminative  purposes,  all  popu- 
larly known  combustibles  presented  the  qualities  of  being  visible  and  tangible ; 
their  combustive  property  was  known  long  before  the  theory  of  combustion 
had  been  suspected,  and  at  periods  when  the  existence  of  gases  was  looked 
upon  as  matter  to  be  doubted  or  disbelieved ;  no  wonder,  then,  that  the  new 
power  involved  in  the  combustive  operation  was  so  long  unsuspected,  and, 
when  diseoYered,  allowed  a  subordinate  place  only.  Though  all  material  bodies   x 
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he  impressed  with  the  quality  of  ministering  to  the  oombnattve  fbnctimi, 
either  in  the  sense  of  a  combustible  or  a  supporter  of  combustion — naveitlie- 
less,  the  bodies  which  are  of  a  nature  enabling  man  to  realise  them  as  com- 
bustibles are  few.  Above  all  things  it  is  necessary  to  the  efficiency  of  a  com- 
bustible, practically  considered,  that  the  result  of  its  combustion  shall  be 
gaseous.  When  pure  charcoal  bums,  no  residue  or  ashes  are  left :  the  sole 
result  of  combustion  is  a  gas,  which,  by  reason  of  its  nature,  passes  away. 
Even  when  ordinary  charcoal  is  used,  the  ashes  are  but  inconsiderable ;  and 
if  coke  or  coal  be  the  fuel  employed,  the  amount  of  solid  residue  still  bears 
but  inconsiderable  proportion  to  the  mass  of  fuel  originally  used.  Guided  by 
the  limiting  consideration  of  gaseous  products,  it  is  easily  seen  that  the  only 
class  of  bodies  having  any  claim  to  be  regarded  as  combustible,  in  a  practical 
sense,  are  two — ^the  hydrogenous  and  the  carbonaceous  forms.  All  the  nata 
rally  occurring  fuels  present  us  with  a  mixture  of  these  ;  coalin  allits  Tarietiei, 
wood,  and  peat,  so  obviously  bearing  out  the  proposition  that  no  illustnUioii 
is  required.  Reference  to  llie  chemical  condition  of  carbon  and  of  hydrogen 
respectively  when  burned  will  bring  to  mind  the  &ct,  that  in  propcntion  ai 
hydrogen  predominates,  so  will  the  combustion  be  more  flaming ;  and  con- 
versely, in  proportion  as  hydrogen  is  absent,  so  will  the  resulting  combus- 
tion be  of  the  incandescent  or  glowing  kind,  like  that  of  ignited  chaicoaL  Of 
late  much  attention  has  been  devoted  to  the  problem  of  ascertaining  the  com- 
parative value  of  fuels.  On  this  point  some  remarks  will  be  offered  in  the 
sequel ;  but  we  may  here  remark  that  the  deductions  have  not  been  attended 
with  a  corresponding  amount  of  practical  success,  chiefly  because  of  thdr 
too  literal  and  exclusive  application. 

The  real  amount  of  heat  capable  of  being  developed  by  the  given  weight  of 
a  combustible  by  refined  chemical  means,  is  so  involved  with  other  condi- 
tions in  practice  as  to  be  of  itself  Uttle  worth.  The  mechanical  aggregation  of 
any  particular  combustible,  is  at  least  an  element  of  consideration  of  equal 
value  to  its  real  chemical  power  of  evolving  heat.  The  truth  of  this  proposi- 
tion is  amply  borne  out  by  the  familiar  operations  of  coking  and  charcoal 
making.  Weight  for  weight,  coal  has  more  combustible  heat  generating  mat- 
ter, than  coke  and  wood,  or  than  the  charcoal  made  from  wood.  Neverthe- 
less, the  mechanical  or  physical  conditions  of  coal  and  wood  are  such,  that  they 
ore  totally  unadapted  to  many  of  those  heat-generating  operations  whidi 
coke  and  charcoal  efficiently  subserve.  The  fixedness  of  carbon  and  the  vola- 
tility of  hydrogen  suggest  the  cases  in  which  the  superior  absolute  heatrdevelop- 
iog  power  of  the  former  would  be  more  than  compensated  by  the  inferior  local- 
^  ized  heat-generating  power  of  the  latter.  Accordingly,  theory  indicates,  and 
'  practice  confirms  the  indication,  tliat  in  all  cases  wherever  it  is  desired  to 
bring  the  fuel  and  the  material  to  be  fused  into  actual  contact,  a  non-hydro- 
genous fuel,  such  as  coke  and  charcoal,  is  to  be  sought.  When,  however,  the 
substance  to  be  acted  on  is  situated  apart  from  the  fuel,  then  the  latter  may, 
though  not  necessarily  so,  be  hydrogenous.  Even  the  carbonaceous  fuels  may  be 
made  to  yield  flame  by  particular  treatment.  If  atmospheric  air  be  supplied  to 
the  extent  of  ministering  to  the  full  wants  of  carbonaceous  combustion,  there 
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>  fiune,  beoftnse  the  carbon  is  immediately  and  entirely  changed  into  car- 
c  acid ;  if^  howerer,  the  supply  of  air  be  more  scanty,  or  if  the  fuel  be  so 
Qged  that  the  carbonic  add  originally  formed  has  to  permeate  white-hot 
on,  it  is  practically  deoxidized,  changed  into  carbonic  oxide,  a  combust!- 
^BS :  hence  flame  ensues.  So  important  did  it  seem  to  obtain  a  strongly- 
ing  fuel  for  use  in  the  reverberatory  furnace  operation  of  iron  puddling, 
not  merely  gas-yielding  bodies,  but  gaseous  mixtures  have  actually  been 
K>sed,  and  to  a  limited  extent  carried  into  practice ;  moreover,  the  uncon- 
ed  inflammable  gases  which  escape  from  iron-blast  smelting  furnaces  is 
etimes  collected,  and  applied  as  a  heating  agent  Probably,  however,  the 
$r  application  is  one  in  a  wrong  direction.  It  may  be,  and  probably  is  true, 
if  an  escape  of  combustible  gas  take  place  from  one  of  these  furnaces 
dent  to  be  of  consequence  as  a  heat-giving  agency,  this  circumstance  sug- 
s  an  imperfection  in  the  economy  of  the  furnace.  Instead  of  endeavouring 
Dllect  the  escaping  gas  to  be  used  as  a  combustible  therefore,  it  might  be 
erable  to  take  measures  for  burning  the  gas  while  yet  in  the  frimace, 
}  rendering  the  heat  developed  by  its  combustion  efibctive  in  the 
lace  operation.  Many  English  iron- manufacturers  who  at  one  time  used  the 
immable  gases  of  their  furnaces  as  a  heating  agent,  have  since  abandoned 
practice ;  and  a  sort  of  infiorential  testimony  to  the  disadvantage  of  the 
»e8S  is  afforded  by  the  well-marked  and  iogenious  effects  develop^  in  the 
oary  operation,  if  the  ooUecting  of  the  gaseous  results  be  made  lower  down 
he  body  of  the  furnace  than  a  line  coincident  with  the  termination  of  the 
;  third  of  the  vertical  height  of  the  furnace  shaft.  If  the  gases  be  with- 
wn  higher  up  than  this,  they  are  mixed  with  so  much  combustible  material, 
\i  as  nitn^en  and  carbonic  add,  that  they  are  worthless  as  heating  agents ; 
ley  are  withdrawn  lower  down,  the  smelting  operation  is  prejudiced  by 
removal  of  carbonic  oxide — an  important  agent  in  accomplishing  the  re- 
tion  of  iron  ore. 

The  subjoined  table  will  show  the  composition  of  the  gases  thus  with- 
wn  from  iron  furnaces  in  three  different  works,  t.  e,  Yeckerhagen,  Clerval, 
iBamm: — 


Nitrogen  .... 
Garbraiic  add  .  .  . 
Carbonic  oxide.  .  . 
Garburetted  hydrogen 
Hydrogen    .... 


(I.).  iHft. 

62-47  —  68115 
8-44  —  13-76 

3008  —  22-65 
2-24—  0-00 
1-77—    1-77 


(n.)  18  ft. 

64-28  —  63-20 
4-27  —  12-45 

2917  —  18-67 
1-23  —  1-27 
105—    4-61 


100-00      100-00 


100-00     10000 


Begirding  the  eompodtion  of  the  gases  from  Yeckerhagen  and  the  gases 
n  Barum  (L)  and  those  from  Clerval  and  Barum  (11.)  as  almost  mutually 
Dtieal,  a  mean  may  be  taken  in  hereafter  calculating  their  relative  values. 
e  following  table  represents  the  mean  composition  by  volume : — 
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Yeckerbagen  and 

Bamm  (I.) 

Mean. 


denraland 
Baram(II.) 


Nitrogen 63*4 

Carbonic  acid    ....  30 

Carbonic  oxide  ....  20*6 

Carburetted  hydrogen     .  1*7 

Hydrogen 1*4 


60*7 

131 

20-6 

0-6 

60 


10000  10000 

A  composition  by  Tolome  which  accords  with  the  following  composition  hj 
weight : — 

A.  B. 

Nitrogen 634  ....    597 

Carbonic  acid    ....      5*9  ...     .     19*4 

Carbonic  oxide  ....     290  ....    20*2 

Carburetted  hydrogen  10  ...    .      0*3 

Hydrogen 01  .    '    .    .      04 


10000  10000 

The  former,  however,  are  not  the  only  gaseous  constituents  which  are  eyolved 
nnoonsumed  from  coal  and  coke-burning  fumcu^s.  Occasionally  hydrogen  and 
carburetted  hydrogen  are  developed,  as  was  fotmd  to  be  the  case  by  Ebehnen 
in  the  gaseous  evolutions  of  famaces  at  Vienne  and  Port  L'Eveque. 

WMst  on  the  subject  of  the  utilization  of  combustible  gases  which  escape 
firom  iron-furnaces,  it  may  be  well  to  indicate  that  the  idea  first  originated  in 
1812,  at  which  date  Abberlet  obtained  a  patent  for  the  application  of  gases 
thus  developed,  to  metallurgical  purposes.  In  1830  an  attempt  was  made  at 
Holsbriicke,  near  Freiberg,  to  employ  the  flame  of  coal-gas  as  the  source  of 
heat  for  cupellation ;  in  neither  case,  however,  was  the  proposition  carried 
out  to  complete  success,  or,  indeed,  fully  inaugurated.  The  merit  of  accom- 
plishing the  latter  is  due  to  Faber  du  Faur,  who,  about  the  year  1838,  tested 
the  value  of  the  suggestion  on  the  furnaces  of  some  iron-works  at  Wiirtem- 
berg. 

However  doubtful  the  advantages  may  be  of  collecting  gaseous  matters 
from  iron  furnaces,  and  utilizing  them  as  fuel,  the  prospective  advantages  of 
employing  combustive  gases  in  this  way  have  seemed  considerable  enough  to 
warrant  the  invention  of  several  contrivances  with  this  end  specially  in  view. 
In  France,  and  more  especially  in  Silesia,  combustible  materials  are  gasefied 
with  special  reference  to  emplo3rment  of  the  resulting  gas  in  fiimace  opera- 
tions. We  have  already  adverted  to  the  disadvantages  which  the  British 
iron-master  encounters  from  the  necessity  he  is  under  of  smelting  with  a  fuel 
holding  injurious  quantities  of  sulphur,  phosphorus,  and  some  other  impuri- 
ties. Reflection  on  these  conditions  will  indicate  the  advantages  which  should 
theoretically  accrue  from  the  substitution  of  gaseous  combustibles  devoid  of 
such  matters ;  practically,  however,  much  cannot  be  said  in  fEivoar  of  gaseous 
iron-smelting. 
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I  low  yesiB  uaoe  oonsidentbla  interest  was  excited  by  a  patent  tnken 
[r.  Beeoefor  the  eonTeraion  of  peat  into  raloableprodnctB,  bjamodi- 
«aa  of  deBtmctiTe  diatillatioii.     One  of  the  subaidiaiy  propodtions 

b;  (his  patent  was  the  employment  of  the  gaseous  matters  eTolved 
tiiB  smelting  of  iron.  It  was  hoped  that  the  result  would  be  eqnul 
ish  charcoal  wronght-iron,  and  that  we  should  be  rendered  totally  indc- 
of  that  BoaTC«  for  onr  sopply.  The  process  of  Ur.  Iteece,  however,  has 
J  answered  the  eKpectations  entertained  of  it.  One  of  (he  moat  powerful 
BB  to  the  employment  of  goseoua  combnstiblBs  has  arisen  in  countries 
Imrfjjo!  fuel  is  mnoh  used ;  and  fi'oni  tlio  cohsideraljon  of  the  ei 
lat  the  mechanical  conditions  of  powdered  charconl  render  it  nnadaptcd 
ce  operations.  Every  person  who  has  been  nocnstomcd  to  work  with 
1  as  fiiel,  even  on  the  smaUest  scale,  must  have  experienced  the  loss 
rises  from  the  pulverulent  qoality  of  that  sabstanoe,  and  can  readily 

that  Uiis  diaadv&ntoge  increases  when  charcoal  is  employed  on  the 
storing  sctJe.  Now  the  powder  thus  resulting  though  untit  to  be 
td  is  the  condition  of  fomoce  fuel  is  m  the  best  state  of  mechanual 
igation  to  be  converted  into  gas     Purhiqis  the  most  successful  ap- 

for  effecting  the  gasification  of  charcoal  is  one  used  in  I:ruice 
stmoted  on  the  model  of  an  iron  ameltmg  furnace 
nudats  of  a  fminel  or  hopper  into  which  the  powdered  charcoal  u 

which  latter  sinks  by  ita  own  weight  into  ttae 

the  furnace,  and  is  there  exposed  to  a  current 
reed  upwards  through  it  by  a  blast  pipe  which 
be  furnace  underneath.    If  the  hopper  be  kept  ^ 
ed  with  charcoal  powder  no  gas  will  escape 

onfice ;  hot  the  entire  result  of  gasification  mil 
t  by  a  tuyere,  and  this  under  considerabl  pr 
rbe  apparatus  in  qnesdun  is  specially  design  L 
sombusdon  of  charcoal  pon  der  lump  chiii  I 
awever,  be  used  if  the  furnace  or  hopp  r  I 
1  with  a  cover  to  retain  the  gaseous  piodurt^  1 
lion.  Independently  of  the  more  question  an  I 
outages  or  disadvantages  of  gaseous  combus- 
ibstractedly  considered  the  process  of  gas 
ion  by  the  transmisBioa  of  atmospheric  sir 
I  homing  materials  is  attended  with  collateral 
Les.     If  care  be  not  taken  to  prevtnt  the  ad 

of  more  atmospheric  air  than  is  actually  re 
to  Hubservo  the  process  of  slow  combustion 
loaive  mixture  is  formed,  and  danger  from  that  ' 

i  imminent :  on  the  other  hand,  if  the  gaseous  materials  be  allowed  ti 
iinconsumed,  the  attendant  workmen  are  liable  to  be  poisoned. 
nzBl  and  Aztlfloial  Blaats.— Next  in  relation  to   fnmace-heat  wi 

consider  the  various  means  had  recourse  to  for  producing  atmospheri 
B.    Xheoe  admit  of  division  into  natural  and  mechanical ',  ^  fotmnt  ' 
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comprehending  the  various  forms  of  chimney  draughts,  the  latter  all  those 
various  applications  of  compressive  means  which  will  be  presently  set  forth 
ill  detaiL  The  action  of  chimney  draughts  is  immediately  referable  to  and 
dependent  upon  the  circiunstance  that  atmospheric  air,  like  all  other  gases 
and  most  other  bodies  of  whatever  cohesive  state,  is  expanded  and  rendered 
specifically  lighter  by  heat.  Thousands  of  examples  of  this  result  continually 
2)resent  themselves,  from  which  we  shall  select  a  few  prominent  illustratioiis. 
An  illustration  of  the  diminution  of  specific  gravity  of  a  gaseous  mixture  is 
furnished  by  the  blowing  of  soap-bubbles.  The  function  of  respiration  causes 
a  portion  of  the  air  taken  into  the  lungs  by  the  act  of  breathing  to  be  robbed 
of  its  oxygen,  which,  by  combining  with  the  carbon  of  the  blood,  forms  car- 
bonic add,  and  is  in  this  state  of  combination  expired.  Seeing,  then,  that  the 
air  expired  from  the  limgs  is  not  pure  atmospheric  air,  but  a  mixture  of  tlie 
latter  with  nitrogen,  carbonic  acid,  and  aqueous  vapours,  it  foUows  that  tlie 
specific  gravity  of  the  gaseous  material  expired  is  heavier  (at  eqnal  tempers- 
tiures)  than  that  of  the  unchanged  atmospheric  air.  Although,  then,  a  soap- 
bubble,  blown  with  warm  air  from  the  lungs,  rises,  this  rising  cannot  de- 
pend on  any  quality  of  diminished  specific  gravity  as  a  function  of  the  gaseous 
matter  wherewith  they  are  filled,  inasmuch  as  we  have  seen  the  latter  to  be 
specifically  heavier  by  the  amount  of  carbonic  acid  present ;  it  depends  on  the 
circimistance  that  the  gaseous  materials  are  expanded  by  heat,  owing  their 
increased  lightness  to  that  cause.  Hence  it  is  that,  although  for  a  time  the 
bubbles  ascend,  their  ascension  is  not  continuous — as  would  have  been  the 
case  had  they  been  filled  with  hydrogen  gas — ^but  only  temporary :  as  soon  as 
their  gaseous  contents  become  cooled  to  such  a  degree  that  they  are  specifi- 
cally heavier  than  the  external  air,  they  descend. 

An  Instructive  toy,  demonstrating  the  asccnsive  tendency  of  heated  air, 

is  represented  in  Fig.  5.  A  circular  disc  of  card- 
board being  cut,  a  piece  of  thread  is  attached  to 
the  centre;  and  being  fixed  to  a  hook,  the  card 
is  suspended  from  a  fixed  support  Thus  treated, 
the  cut  card  unravels,  and  becomes  a  conoidal  screw 
helix,  susceptible  of  rotation  when  an  upward  force 
is  applied. 

If  now  any  small  source  of  flame  be  placed  un- 
derneath, the  helix  will  rotate,  thus  demonstrating 
the  agency  of  an  upward  force,  which  evidently  is 
that  of  air  ascending,  on  account  of  the  diminished 
specific  gravity  referable  to  expansion  by  heat.  On 
^•^*  precisely    similar   principles   is   constructed    the 

smoke-jack,  as  it  is  called :  an  instrument  whose  rotation  is  totally  independent 
of  smoke,  and  is  altogether  referable  to  the  ascensive  force  resulting  from  the 
expansion  of  atmospheric  air.  Manifested  in  a  different  way,  though  referable 
to  the  same  primary  cause,  is  the  force  which  causes  the  ascent  of  a  Mon- 
golfier  or  fire-balloon. 

Chimney-draught  is  a  natural  and-  very  obvious  consequence  of  the  expan* 
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sioQ  of  air  hj  heat,  to  which  onr  attention  has  been  directed..  The  combustible 
DaiteriBlseaniiat,a8i8weUknown,bi]ni  without  the  contact  of  air.    Partofthe 
lir  ooncemed  is  separated  into  its  constituents ;  one  part  of  oxygen  uniting 
nith  carbon  to  form  carbonic  acid,  another  part  with  hydrogen  to  generate 
nrater— a  final  portion  of  air  remaining  undecomposed,  and  escaping  as  it  went 
XL   Wbatever  the  gaseous  or  vaporous  constituents  which  escape  from  burning 
nateiials  maybe,  they  are  heated  by  the  fire  to  which  they  have  been  exposed, 
ind  are  for  that  reason  expanded;  hence  tiiey  have  become  specifically 
lighter,  and  ascend,  leaving  a  partial  vacuum  in  the  chimney  or  shaft,  to  be 
made  good  by  a  further  flow  of  atmospheric  air,  or,  more  properly  speaking, 
the  gaseous  results  of  its  decomposition.    A  consideration  of  the  principles  on 
which  the  draught  of  a  chimney  depends,  will  render  manifest  the  hct  that  a 
chimney  may  be  too  long  for  the  most  complete  activity  of  which  a  chimney 
is  susceptible.    If  it  be  so  tall  that  the  upward  currents  of  air  have  time  to 
cool  untiL  its  specific  gravity  becomes  lower  Uian  the  specific  gravity  of  the  ex- 
ternal air,  or  even  coincident  with  it,  the  practical,  no  less  than  the^theoretical, 
length  has  been  exceeded.    It  will  be  evident,  moreover,  that  in  order  to 
obtain  the  maximum  heat  for  any  given  fuel  of  which  a  furnace  is  susceptible, 
no  more  air  should  be  allowed  to  permeate  tlie  burning  materials  than  the 
amount  absolutely  necessary  to  promote  the  highest  rate  of  combustion.    Any 
amount  of  passing  air  in  excess  of  this  theoretical  quantity,  whatever  it  may 
be,  acts  as  a  cooHng  agent ;  and  instead  of  augmenting  the  power  of  combus- 
tion, diminishes  it 

All  furnaces  which  rely  on  mere  chimney-draught  for  determining  the 
passage  of  atmospheric  air  through  tlie  materials  of  combustion,  are  under 
tiie  necessity  of  sacrificing  a  portion  of  fuel  to  the  object  of  producing  the 
necessary  flow  of  air ;  hence  for  the  greater  number  of  operations  requiring  a 
?ery  intense  heat,  chimney-draught  as  a  means  of  effecting  aerial  transfusion 
is  dispensed  with  in  favour  of  some  form  of  blast.  There  are  some  purposes, 
liowever,  for  which  the  application  of  a  blast,  in  the  ordinary  sense  of  the 
term,  would  ^be  inconvenient ;  in  which  a  chimney- draught  must  be  relied 
upon  to  some  extent ;  its  power  being  increased  by  some  collateral  means. 
Iron  tubular  chimneys  do  not  answer  well,  because  of  the  rapidity  wherewitli 
heat  is  lost  through  this  substance,  and  the  specific  gravity  of  the  gaseous 
matter  which  they  pour  forth  diminished.  Nevertheless  iron,  or  at  least 
metallic,  chimneys  are  a  necessity  in  the  case  of  steam-vessels  and  locomo- 
tive carriages.  Neither  one  nor  the  other  can  dispense,  therefore,  mtli  a 
powerful  draught,  which  is  accomplished  by  the  upward  pressure  of  a 
steam-jet. 

The  eifect  of  this  liberation  is  to  drive  a  column  of  atmospheric  air  vio- 
lently before  it,  thus  compensating  not  alone  for  the  cooling  tendency  of  the 
materials  of  the  chimney,  but  for  the  inadequate  height  to  which  the  chimney 
itflelf  is  Ifcnited  by  the  necessities  of  steam-ships  and  locomotive-carriages. 

The  pressure  of  steam  apphed  as  above-mentioned  is  very  great.  Perhaps 
considered  aa  a  means  of  air  propulsion,  without  regard  to  the  moisture  im- 
parted, there  is  no  method^aC  producing  a  blast  equally  effective.  '^eoesiMian^^ ,  \ 


hovever,  the  Bteam  must  import  moistare  to  the  ur,  theiebj  detanontii 
the  latter  for  all  combnstiTe  operationB. 

Bbwt-MachitiH. — The  moat  primitiTe  method  of  generating  ma  airUa 
ifi  by  some  modification  of  the  leather  bellows.  OriginaUy  bellowa  ve 
nothing  more  than  the  skin  of  an  animal  doael)'  sewn  except  at  one  part, 
which  A  spout  or  deliveiy-tube  waa  attached,  also  MrTing  to  admit  a  forth 
charge  of  air  when  the  sides  of  the  bag  were  polled  aaimder.  From  this  pi 
mitive  inatnunent  to  the  valred  single  belloivB,  and  theuee  to  the  Yaln 
double  bellows,  used  at  this  time  bj  blackmiiitlia,  and  yielding  an  nniub 
mpted  stream,  the  transition  is  obvious.  The  great  adTontages  of  beUoi 
are  economy  of  first  cost  and  &cili^  of  emplojment :  they  serre  perfectly  wi 
for  blacksmiths'  forges  and  small  furnaces ;  but  the  ns6  of  bellowa  in  mcdi 
lurgio  operatians  on  the  large  scale  is  limited,  aiid  gradnnllj  decreasing. 

The  blowing  apparatos  now  generally  employed  on  the  lai^  scale  is  Ih 
of  compression  cylinders.  It  is  obrionB  that  b  metallic  cyhnder,  lilie  IJ 
cylinder  of  a  steam-engine,  may  be  converted  by  a  simple  arrangement 
valves  and  piston  work  into  a  powerful  appamtus  for  delivering  compressi 
air.    An  usual  tbnn  of  compression  cylinder  is  represented  below. 


The  effective  power  of  a  blowing  cylinder — or,  in  other  words,  the  quonti 
of  air  of  specified  density  which  it  contributes  in  a  given  time,  may  be  arriv 
at  in  two  distinct  ways.  The  first  consists  in  ascertaining  the  actual  ca| 
biU^  of  the  cylinder,  and  determining  tlie  number  of  times  it  can  be  fill 
with  air  and  the  air  discharged  in  a  given  time.  The  second  method  is 
ascertaining  the  velocity  or  power  of  the  fiitt,  determined  by  taking  into  eo 
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itlefti(m  the  circnmrtMicafl  of  buometiic  pregaare,  moisture,  and  tampem- 
JN  kt  the  tune  of  the  expeiiment 

Am  ngsrds  the  fonner  method  of  inveatigatioii,  it  most  be  borne  in  mind, 
itt  the  number  of  times  per  minute,  or  for  any  other  given  period,  th&t  « 
bwing  ejlinder  is  filled,  would  be  a  very  taise  criterion  of  the  actual  amonut 
r  ur  irtiich  finds  its  my  into  the  furnace.  Owing  to  the  elttHtLcilf  of  the  air, 
ucdBctive  space  in  the  cylinder,  loas  of  air  between  the  cjlinder  and  pis- 
im,  added  to  AuHier  losses  in  the  windways  and  reguktora,  the  actual 
.3unmt  of  air  which  finds  its  waj  into  the  furnace  is  aJwaya  some  20  or  even 
'A  per  cent  leas  than  the  total  amount  subjected  to  compressian.  This  loss 
liicnra  ereii  in  the  beat  blotring  cylinders ;  in  wooden  blowing-chests — a 
romnUHi  form  of  apparatoa — the  loss  not  unfrequeutly  amounts  to  nearly 
Lonble.  Being  aware  of  the  loss  incurred,  the  appended  formula  may  prove 
icniceabla.  It  teaches  the  amount  of  air  of  natural  atmospheric  dousify  taken 
uto  «  blowing  cylinder  in  one  minute  of  time. 
Q- >'•'■*    "W  A 

Q  represents  the  amomit  of  atmospheric  air  sought — in  cubic  feet 

0  the  diameter  of  the  piston  in  feet. 

*  iBitio  of  circumference  to  diameter  (i.e.  the  number  3.1515), 

k  length  of  piston-atroke  expressed  in  feet. 

il  number  of  revolutiona  expressed  in  terms  of  seconds. 

Tliough  compression-cylinders  furnish  the  most  powerful  and  the  most 


Ir  In  ft  blast,  there  are  others  of  great  pradioftl 
ir  Jhi>-blsrt  i«  one  of  the  most  naetnl,  »&&.  *X  ^&i» 


same  time  most  simple ;  it  is  represented  im  the  two  preceding 
Bectionallf ,  Fig.  7  lepresenta  a  cjliiuler  or  drum,  cat  tnuisreTBelj  to  its 
axis,  and  dieplajing  Uie  sectional  view  of  four  vauet.  Fig.  8  reprwenu 
the  ■fline  cylinder  cnt  paraUel  to  its  axia,  and  dis^yiug  two  central  qpenm^ 
one  on  each  side. 

'When  the  vane  is  put  in  motion,  airenl«isby  theontaal^>eiluiaa,aiidis 
forcibly  and  continnously  driven  out  throagh  the  apertnre,  Una  uummulLifc' 


the  blwO.    This  form  of  apparatus  has  been  so  femiliorized  by  being 
for  domestic  bellon'B,  that  its  descriptiDn  is  almost  unnecesaaiy. 

Notirithstanding  the  disadvantages,  practical  no  less  than  theonfiad. 
which  Bttacli  to  the  emplofment  uf  moist  tur  in  furnace  operations,  hjrdranlic 
blasts  ef  simple  description  are  amongst  the  most  ancient;  whilst  modem 
variationa  on  the  principle  of  hydraulic  blowing  have  given  rise  to  some 
simpla  and  curious  machineB. 

The  trompc,  as  it  is  called,  is  a  simple  and  ingenions  method  of  determin- 
ing a,  cnrrent  of  wind  by  a  fiilliug  current  of  water.  It  is  a  form  of  apparatiiR 
very  prevalent  in  Catalonia ;  hence  the  appellation  "  Catalan  trompe,"  which 
is  sometimes  applied  to  it.  The  instrument,  however,  slightiy  modified,  is 
employed  in  Italy  and  Switierlsmi, 
being  applicable  to  mountainoiis 
regions  where  high  blls  of  water 
can  be  commanded,  and  the  amoiiLl 
of  atmospheric  pressure  required 


An  examination  of  the  accom- 
panying Sgnre  vrill  render  evident 
the  construction  and  principles  on 
which  the  trompe  is  founded. 

The  diagram  (Fig.  9)  represents 
a  cistern  above,  containing  water, 
and  communicating  with  ^e  verti- 
cal pipes  which  respectively  ter. 
minate  in  two  chests.  Between 
these  cheats,  and  placing  them  in 
aerial  connection,  is  a  semicircnlsr 
pipe  ;  and  the  part  of  the  appa- 
ratus on  the  left,  sectionally  repre- 
sented, shows  a  transverse  plank, 
on  which  the  water  is  broken  in  its 
falL  The  action  of  the  trompe  is 
this : —  The  vertical  column  of 
water,  in  its  descent,  carries  before 
it,  and  mingled  with  it,  considerable 
portions  of  atmospheric  air :  strik- 
ing against  the  transverse  pUnk,  a  separation  between  the  air  and  water  is 
effected,— the  former  passing  into  the  arched  tube,  and  escaping  as  «  blast 


throng  a  tabnlar  orifice  coiTDspoDding  vi^lh  O.  whilst  tlie  witter  ptLsaes  ititu 
the  lower  leaervoir.  Thia  form  of  apparatus  would  be  quite  inoperative  if 
qiplied  to  fdroaces  heated  with  coke  or  coal ;  but  it  aosn-ers  sulGcieutlj  well 
»  wliere  charcoal  is  the  fuel  employed. 
ObklnBlaat. — This  is  a  Bomewliat  elaborate  application  of  bjdraulic 


the  accompauj- 


Inrs  to  the  piupoec  of  creatii^  an  air-blast.  It  is  depicted  ii 
ing  diagTBia  (Fig.  ID),  aod  its 
eosutmctioii  is  as  fbUowa : — 
An  endlees  chain,  fumiiihed 
irith  certain  appendageit,  the 
motiTe  of  whiidi  we  shall  pre- 
sently exptain.  is  Been  to  poRH 

r  a  wheel  or  pnUej,  : 
thnmgh  ft  pipe  which  tennl- 

»  io  an  air-chamber  belov 
This  air-chamber 
eates  with  a  bent  tube,  a 
presented ;  and  a  lateral  tulw 
poinliiig  towards  the  left  is 
also  seen  to  be  connectod  with 
the  apper  part  of  tlie  verticol 
tabular  shaft.  GlanciiigT  now, 
at  the  transrerse  appendages 
to  the  endless  chain,  placed  at 
regular  iuterrals  throughout 
its  length,  they  consi&t  of 
crlindrical  boxes  qoito  open  at 
e  end,  and  capable  of  being 
opened  or  shut  at  the  other 
end,  each  by  two  flaps  or 
TUlves.  The  latter  fiillhy  their 
own  weight   when  the   ejlin- 

deis  are  on  the  loft,  or,  aa  will  ' "" 

be  hereafter  seen,  at  every  part  of  their  downward  descent,  and  open  (as 
represented  in  the  diagram)  when  mnving  upwards.  When  it  is  iio\i- 
explained  that  water  enters  by  tlie  lateral  orifice  /,  the  action  of  Ilie 
machine  will  be  made  evident  Tlie  water  pressing  successively  on  each 
qiinder,  caosea  it  to  descend  Ihrough  the  vertical  pipe,  convening  witli  it 
the  air  with  which  it  is  filled,  and  which  cannot  escape,  because  the  valves 
are  shot;  each  cylinder,  therefore,  liberates  its  contents  of  air  into  tlie  air- 
chamber  below,  and  thence  throui;h  the  associated  blast-tube.  Pasaiugon,  the 
val're  aide  of  each  cylinder  sgain  looks  downwards,  and  the  valves  ojien, 
only  to  shut  onco  more,  and  to  act  as  before  described,  bo  soon  as  they  again  ' 
take  their  downward  course.  I 

A  still  toore  powerful  and  not  less  ingenious  method  of  creating  a  liydio- 
ttatic  blast,  is  fnmishud  bj  the  machine  known   on  the  Coutijitin^  Xi'S  \^ 


40  IHK  (UaNUBDXLLE. 

name  of  "  Cagmarddie."    Thie  uutnuuent  may  be  gmenll;  described  i 

nfmaiating  of  a  Cylindrical  sciew,  the  shaft  of 

which  fits  air-tiyht  t.i  a  ryliiiilei-  iu  wliith  it  m 

inclosed, — the  tjUiiJet  hv'mg  JingoutdJ)-  placed 

in  a  leserroit  partially  lilled  with  natei  (Fig 

11). 

One  end  of  Uie  cy- 
linder is  aeon 
(lie     other 
Through  tha 
truncated  a- 
pei    of    the    " 
conoid  B  de- 
livery pipe  IB 
also  Been   to 
pass    but  the 
diagrajndoes 
not  represent 
what  IS   ac 
tuaJly       tbe 
&ct,  tliBl;  tha 

flat  end  of  the  cylinder  is  open..  It  foUowB  as  a  neceBsily  of  the  constmelion 
of  ibis  insbmnent,  that  tbe  atmospheric  air  which  enters  by  the  open  fial 
end  is  screwed  along  by  the  combined  force  of  rotation  and  water-pressure 
until  it  reaches  the  tube  paaaing  throng  the  tnmcated  apex,  which  tube  it  ■ 
delivery  tube  fia  air. 


\ 
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CHAPTER  nL 

ON  THE  TABISTIE8  AND  COMPARATIVE  VALUE  OF  FUEL. 

Wb  oome,  now,  to  the  consideration  of  a  very  important  matter  in  relation 
to  metallnrgy,  the  consideration  of  the  various  kinds  of  fuel  employed  by 
mctslliiigistB ;  and  the  special  peculiarities,  advantages,  and  disadvantages 
of  each.  Collaterally,  we  have  aheady  had  reason  to  remark  tliat  hydrogen 
tnd  carbon  may  be  regarded  as  the  only  materials  of  fuel  practically  con- 
sidered ;  we  have  shown  that  hydrogen  is  the  greater  heat-developer  of  the 
two,  bat  that  carbon  has  the  larger  sphere  of  utilization.  Collaterally,  too,  we 
have  had  occasion  to  go  somewhat  into  detail  concerning  the  substitution  of 
combnstive  gases ;  whence,  therefore,  tlie  remarks  we  now  propose  to  offer 
will  be  limited  to  the  consideration  of  solid  fuel,  both  natural  and  artificial. 

BlTioion  of  t^ols. — Conventionally,  fuels  admit  of  division  into  vege- 
table and  mineral — understanding  by  the  latter  designation,  coal  in  all  its 
vaiietiea,  and  coke  the  derivative  of  coal.  We  might  add,  were  it  of  sufficient 
unportanoe,  the  third  class  of  animal  fuel,  inasmuch  as  animal  matters,  fat 
especially,  have  been  employed  in  the  formation  of  at  least  one  kind  of  artificial 
fueL 

Under  the  head  of  vegetable  fuel,  we  understand  wood  and  wood-charcoal, 
and  peatf  The  former  has  a  very  limited  application  to  the  processes  of 
metallurgy,  but  the  latter  is  in  some  parts  of  the  world  a  fuel  of  great  impor- 
tance :  it  woB  of  great  importance  in  our  own  Isles  some  centuries  back ; 
and  it  would  continue  to  be  so  now  if  a  greater  supply  of  it  were  procurable. 
A  great  disadvantage  consequent  on  the  use  of  wood  as  fuel,  is  the  obstinacy 
with  which  it  absorbs  and  retains  water.  Even  timber  which  has  been 
barked  and  felled  for  twelve  months,  will  be  found  to  contain  on  the  average 
somewhere  about  25  per  cent  of  water.  This  circumstance,  added  to  the 
hydrogenous  composition  of  wood,  giving  rise  to  a  flame  beyond  the  wants  of 
the  smelter,  has  led  to  the  abandonment  of  wood  as  furnace  fiiel,  even  in  those 
parts  of  the  v^orld  where  wood  is  most  abundant.  It  is  now  almost  universally 
charred  by  the  metallurgist  before  being  employed  in  his  furnace  operations. 

The  processes  by  which  wood-charcoal  is  made,  resolve  themselyes  func- 
tionally into  two,  although  the  appliances  had  recourse  to  for  this  purpose  are 
various.  Either  the  wood  is  exposed  to  smouldering  heat,  witli  as  little  ex- 
posure to  air  as  may  be  consistent  with  the  support  of  slow  combustion,  and 
all  the  volatile  matc^als  evolved  are  lost ;  or  the  wood  is  submitted  to  a  pro- 
cess of  destructive  distillation  in  retorts,  whereby  not  only  is  charcoal  of 
better  quality  produced,  but  acetic  acid,  tar,  and  other  organic  volatile  products 
of  diffisrent  degrees  of  value,  are  set  free  and  collected.  A  third  process  of 
charcoal  maniUacture  may  be  indicated :  it  is  the  process  of  M.  Yiolette, 
which  eonoMta  in  the  injection  of  high-pressure  steam  into  cylinders,  holding 
blocks  of  dried  wood ;  which  by  exposure  in  this  manner  to  the  &\iettin.\)^^T&ft  \ 
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charred.  Inasmuch,  however,  as  this  process  of  charcoal  mamifiMtare  is  never 
adopted  for  metallurgic  ends,  but  for  the  producticm  of  a  gopeiior  kind  of 
charcoal  to  be  employed  in  the  manufacture  of  gunpowder,  any  further 
description  of  the  process  in  question  is  here  minecessaiy. 

Peat. — ^The  substance  known  as  peat  or  turf,  occurs  enonnonalj  developed 
in  various  parts  of  the  world,  especially  in  the  northern  hemisphere.  Inland 
portions  of  North  Holland  and  Germany  are  conspicuous  as  peat-yielding 
localities.  The  extensive  domestic  applications  of  peat-fuel  by  the  Dutch 
must  have  been  conspicuous  to  every  one  who  has  been  in  Hollaiid;  and  at 
home,  both  Ireland  and  Scotland  are  largely  indebted  to  peat  Peat,  chemi- 
cally considered,  may  be  regarded  as  a  fuel  something  between  wood  and 
wood-charcoal,  differing  from  both,  however,  in  yielding  a  greater  amount  of 
ashes.  This  peculiarity  can  easily  be  accounted  for :  peat  during  its  existence 
in  masses  becomes  infiltrated  with  water  holding  mineral  salts, — ^the  water 
evaporating,  leaves  the  salts  behind  as  a  fixed  residue,  to  appear  as  ashei 
when  the  peat  is  burned. 

Moreover,  finely  comminuted  particles  of  mould  get  infiltrated  into  the 
interstices  of  the  peat,  in  this  way  also  increasing  the  amount  of  resulting 
ashes.  The  amount  of  ashes,  however,  yielded  by  peat  in  different  localities, 
varies  within  ^vide  limits,  some  specimens  yielding  not  more  than  one-third 
part  per  cent.,  whilst  the  ashes  of  other  varieties  amoimt  to  upwards  of  30 
per  cent.  When  analyzed,  these  ashes  are  found  to  contain  abundance  of 
phosphates  and  sulphates ;  but,  what  is  extraordinary,  no  alkaline  carbonates, 
as  is  the  case  in  the  ashes  of  all  wood. 

As  respects  the  distribution  and  prevalence  of  peat,  it  has  been  calculated 
that  it  constitutes  no  less  than  one-seventh  of  the  surface  of  all  Ireland,  or 
two  milHon  eight  hundred  thousand  statute  acres.  The  average  thickness  of 
the  Dutch  peat  formations  have  been  estimated  at  two  feet ;  in  Ireland,  how- 
ever, the  depth  of  peat  bog  is  usually  much  greater — sometimes  no  less  than 
thirty  feet 

The  vegetables  of  wliich  peat  is  formed  differ,  as  will  have  been  antici- 
pated, for  different  regions  and  climates.  The  chief  vegetables  which  have 
contributed  to  the  formation  of  peat  in  the  northern  hemisphere  are  mosses, 
amongst  which  the  Sphagnum  palustre  especially  predominates;  heaths,  and 
rushes ;  fuci  and  reeds,  and  one  or  more  species  of  cotton-grass.  Besides 
these  there  are  frequently  discovered  in  peat-bogs  large  trees  of  various  kinds, 
and  occasionally  the  remains  of  animals.  The  chemical  agency  of  peat  is 
inimical  to  organic  decay,  probably  on  account  of  the  tannic  acid  contained  by  it 
This  is  the  explanation  of  the  unchanged  state  of  animal  remains  frequently 
discovered  in  peat  Amongst  the  most  frequent  of  these  animal  debris  is  a 
sort  of  fet,  to  which  the  appellation  "  peat-fat "  has  been  given ;  it  is  probably 
the  result  of  soft  animal  tissues,  converted  into  the  ammoniacal  soap  known  as 
"  adipocere."  The  deeper  layers  of  peat  bogs  are  very  ancient ;  nevertheless, 
unlike  coal,  peat  is  undergoing  formation  even  now.  In  the  southern  hemis- 
phere peat  occurs,  but  its  presence  is  demarcated  by  the  45th  degree  of  lati- 
tude.   Pdat  of  the  southern  hemisphere  is  made  up  of  the  partially  decomposed 
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mbstences  of  nearly  every  vegetable  species  now  groining  in  the  localities 
There  it  is  found.  The  preparation  of  peat  for  fuel  differs  in  different  localities 
a  these  isles,  where,  on  account  of  the  abundance  of  coal,  peat  is  of  very  little 
mportance.  The  usual  operation  of  preparing  it  for  fiiel  merely  concdsts  in 
utting  it  out  of  the  ground  by  spade  labour  in  pieces  of  suitable  dimensions, 
ad  drying  them  in  stacks.  In  Germany  a  similar  process  of  preparation  is 
dopted ;  but  in  Holland  the  process  is  more  elaborate ;  this  being  chiefly 
lecessary  on  account  of  the  less  coherent  state  in  which  the  Dutch  peat  is 
(mad.  It  is  here  infiltrated  with  water — ^more  mud4ike  than  the  peat  of  Ire- 
sad  or  GcnBSDy;  it  does  not  therefore  admit  of  being  merely  spaded  out 
md  dried,  but  is  eztmeted  by  a  fort  of  cullender  or  ladle  as  a  kind  of  mud ; 
vhich,  being  placed  in  suitable  receptacles  of  equal  depth  throughout,  is  sub- 
mitted to  pressure  until  the  greater  amount  of  water  which  it  contained  in 
BxpeEed.  One  great  disadvantage  of  peat,  considered  as  furnace  fuel,  is  its 
^reat  porosity ;  to  the  end  of  diminishing  which,  the  operation  has  been  pro- 
posed, and  to  some  extent  carried  into  execution,  of  submitting  it  to  hydro- 
static pressure,  and  giving  it  the  form  of  coherent  blocks.  Considered  without 
reference  to  expense,  the  treatment  succeeds ;  but  a  review  of  the  stages 
of  the  operation  involved,  demonstrates  it  to  be  costly.  Peat  charcoal  is 
still  more  difficult  to  be  managed  as  a  fuel  than  peat  itself.  When  charred, 
peat  does  not  yield  lumps  like  wood,  but  falls  to  powder.  Lately,  peat  char- 
coal has  been  recommended  as  a  deodoriser,  and  as  a  manure ;  but  the  only 
way  hitherto  devised  of  converting  it  into  a  practicable  fuel  consists  in  mixing 
it  with  tarry  matter  and  moulding  it  into  blocks. 

GoaL — ^We  need  scarcely  enlarge  on  the  chemical  nature  of  this  important 
variety  of  fuel.  Every  person  knows  that  coal,  of  whatever  kind,  originally 
consisted  of  vegetable  growths  deposited,  in  some  manner  not  easily  under- 
stood, at  various  epochs  of  the  world's  geological  history,  and  subjected  to 
the  chemical  changes,  under  various  degrees  of  pressure,  which  have  resulted 
in  a  conversion  of  the  original  wood  into  one  or  other  of  the  varieties  of 
eoal  which  are  now  found.  As  regards  the  methods  by  which  the  vegetable 
growths  were  first  deposited,  there  are  two  hypo^eses,  both  perhaps 
correct,  each  applicable  to  different  carboniferous  regions.  According  to 
the  assumptions  of  one  hypothesis,  the  vegetables  out  of  which  coal  has 
been  subsequently  formed,  grew  in  the  localities  where  the  coal  is  now  found, 
and  were  submerged  by  some  geological  convulsion ;  according  to  the  other 
hypothesis,  the  vegetable  growths  were  of  the  nature  of  drifts,  having  been 
waited  down  by  rivers,  and  deposited  in  their  deltas;  subsequently  these 
deltas  in  question  having  become  dry  land,  the  vegetable  matter  was  left  in 
the  position  where  we  now  find  it  as  coal.  There  is  reason  to  suppose  tlint 
evexy  coal  formation  was  originally  basin-like ;  and  as  we  have  frequently 
Been  in  many  carboniferous  localities  the  basin  form  is  disturbed,  broken, 
and  interrupted,  it  is  probable  that  these  changes  are  referable  to  geological 
distmbanoes  of  the  earth's  crust. 

CkMd  is  found  in  three  distinct  geological  formations,  though  in  quantities 
90  unequal,  and  of  kinds  so  different  in  quality  and  importance,  ^hal  \S[!k&  ^^ 
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Inasmuch  as  there  is  no  absolute  or  naturally  existing  want  of  heat,  the 
philosopher,  in  prosecuting  his  researches  in  this  field,  is  limited  to  the  consi- 
d  iration  of  the  amount  of  heat  by  which  a  given  quantity  of  one  combustible 
e.'cceeds  the  amoimt  yielded  by  the  same  quantity  of  another.  1m  mtStrng 
tills  comparison,  we  may  compare  equal  weights,  or  ecpud  measores ;  if  the 
former,  we  arrive  at  tlie  absolute — if  the  latter,  we  dednce  the  relative  effects 
of  heat.  Firstly,  we  shall  review  the  principal  methods  which  have  been 
devised  for  acquiring  a  knowledge  of  the  absolute  effects  of  heat.  And  first, 
by  the  method  proposed  by  Rumford — ^premising  that,  in  expressing  calonfic 
eSTects  in  thermometric  degrees,  the  Centigrade  scale  will  be  adopted,  as 
affording  greater  facilities  of  calculation  than  the  scale  of  Fahrenheit. 

Rumford's  method  of  estimating  the  absolute  effects  of  heat  developed  by 
a  fuel  consists  in  determining  the  quantity  of  such  fiiel  necessisiry  for  heating 
11  given  weight  of  water  from  0**  to  100**  C.  According  to  this  mode  of  investi- 
pition,  it  is  found  that,  respectively,  equal  weights  of  hydrogen,  pure  carbon, 
and  wood-charcoal  heat  water  from  0°  C.  to  100**  C.  in  the  following  ratio : — 

PARTS  BY  WEIGHT. 

1    .    .    .    Hydrogen— heat    .     2:)6  parts  of 
1     .     .     .     Carbon  „        .       78       „ 


(Wood      ) 
•  t  Charcoal)       "       *       "^ 


f »       •       •  ^^       ♦♦ 


water  from  O^C.to  100»C. 


Reflecting  now  that  the  number  of  degrees  in  the  Centigrade  scale  betwe^ 
0^  C.  and  the  boiling  point  of  water  is  100,  it  follows  that  the  respective  figures 
of  absolute  heating  power  for  each  degree,  and  for  each  of  the  bodies  respec- 
tively above-mentioned,  may  be  deduced  by  multiplying  the  parts  by  weigbt 
of  water  heated  from  0°  C.  to  100*  C.  by  100 :  whence  it  follows  that 


1     .     Hydrogen — ^heat      .     .     U-iQOO  parts  of  ^ 

1     .     Carbon  „     .     .      7800       „       lwaterfromO«C.  tolOO^C. 


PARTS  BY  WEIGHT. 

1     .     Wood-charcoal  „      .     .       7500       „      J 

Thus  we  deduce  what  may  be  termed  the  respective  unities  of  heating  effect 
for  hydrogen,  carbon  (pure),  and  wood  charcoal.  Furthermore,  the  above 
relations  admit  of  simplification.  Natural  unit  of  absolute  heat,  we  have 
already  mentioned,  there  is  none.  It  will  be  desirable,  therefore,  to  assume 
a  conventional  or  empirical  standard ;  and  carbon  being,  par  excellence^  the 
combustible  involved  in  technical  operations  based  upon  combustion,  the 
siibstance  may  be  taken  as  the  conventional  unit.  Dividing,  therefore,  the 
first  and  the  last  of  the  numbers,  given  in  the  preceding  series,  by  the  middle 
niunber,  t.^.  7800,  as  that  indicating  the  unit  of  absolute  heating  effect  for 
carbon,  we  then  make  carbon  tlie  prime  standard  or  unity,  representing  its 
absolute  heating  effect  by  1,  and  the  respective  absolute  heating  effects  of  hy- 
drogen and  wood-charcoal  as  represented  by  the  following  series  : — 

Carbon        .        .        .    =  1 

Hydrogen   .        .        .    =  3.03 

Wood-charcoal    .        .    =  0.96 


\ 
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Oxy. 

Hyd. 

Oxy. 

Hyd. 

8 

1 

or    16 

2 

Oxy. 

Ctr. 

Oxy 

Ctr. 

10 

6 

or    16 

6 

Frcmi  this  statement  the  deduction  is  arrived  at,  that  the  more  hydrogenous 
a  fuel  is,  &e  greater  the  absolute  heating  effects  resulting  from  its  com- 
bastum. 

Next,  we  shall  consider  the  process  devised  by  Karmarsch  for  obtaining 
similar  information.  Instead  of  measuring  the  absolute  heating  power  of  a 
combustible  by  ascertaining  the  weight  of  water  it  was  capable  of  heating 
from  (T  C.  to  100*^,  Karmarsch  ascertained  the  weight  of  water  which  a  given 
weight  of  fuel  during  combustion  could  raise  in  steam.  This  was  the  process 
followed  by  Brix,  in  determining  the  relative  value  of  Prussian  fuels.  It  is, 
perhaps,  mmecessaiy  to  indicate,  that,  to  arrive  at  the  greatest  correctness  of 
which  the  process  is  susceptible,  the  water  used  in  the  series  of  comparative 
experiments  must  be  taken  at  the  same  temperature.  Brix,  in  conducting 
his  investigations,  used  water  of  0**  C.  or  32*  F. :  his  scientific  expressions  were, 
moreoTer,  conveyed  in  terms  of  the  Reaumur  thermometiic  scale. 

Berthier's  method  is  more  complex.  It  is  based  upon  atomic,  or  (to  avoid 
the  language  of  theory)  equivalent  proportional  considerations,  which  the 
following  remarks  will,  it  is  presumed,  make  evident.  Inasmuch  as  the 
equivalent  weights  of  hydrogen,  carbon,  and  oxygen,  are  respectively  1, 6,  and 
^f  and  the  respective  compositions  of  water  and  carbonic  acid  are 

Water  (parts  by  weight  or  equiv.) 

Carbonic  acid  (  „  „  )       . 

it  appears  that  two  parts  by  weight  of  hydrogen,  in  generating  water  by  com- 
bustion with  oxygen,  consume  sixteen  parts  of  the  latter ;  whereas  the  same 
quantity  of  oxygen  (i.e.  sixteen  parts  by  weight)  is  only  consumed  by  six 
parts  of  carbon,  in  becoming  carbonic  acid.  Hence  the  deduction  follows,  that 
a  given  weight  of  hydrogen  in  forming  water  by  combustion,  imites  with  three 
times  as  much  oxygen  as  an  equal  weight  of  carbon  during  the  combustion  of 
the  latter,  and  the  formation  of  carbonic  acid.  Now,  the  fAct  has  already 
been  proved  as  a  result  of  Rumford's  mode  of  experimenting,  that  the  relative 
amount  of  absolute  heat  developed,  as  between  hydrogen  and  carbon,  is  as 
3  to  1 ;  whence  it  clearly  follows,  that  the  absolute  heating  effects  of  carbon 
and  hydrogen  are  in  direct  proportion  to  their  combustive  capacity  of  absorb- 
ing oxygen :  a  deduction,  indeed,  first  promulgated  by  Welter,  and  which — 
though  sioce  his  time  it  has  undergone  modifications — ^is  still  reliable. 
I  Berthier  expressed  the  absolute  heating  effects  of  any  given  combustible,  in 
terms  of  the  wei^t  of  oxygen  consumed,  by  a  given  weight  of  the  combustible 
during  the  pro^press  of  its  combustion.  This  was  practically  effected  by  heat- 
ing the  combustible  in  contact  with  oxide  of  lead.  It  follows  that,  in  pro- 
potion  to  the  quantify  of  oxygen  taken  away,  so  would  be  the  weight  of  lead 
reduced  to  the  metallic  condition ;  and  this  latter  being  collected  and  weighed, 
the  absolute  heating  effects  of  the  combustible  were  expressed  fractionally  by 
the  wei^t  of  oxygen  consumed,  but  direcUy  in  terms  of  the  lead  reduced. 
In  this  way  he  found  that,  ■ 
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1  part  of  pure  carbon  gave     .    .    34  parts  of  lead. 

1  part  of  pure  hydrogen  gave     .  104    „      „     „ 
If  it  be  now  assumed  that  any  particular  combustible  under  examinalian 
should  be  in  relation  to  a  mass  of  lead,  the  weight  of  which  is  m,  then  the 
ratio  between  the  absolute  heating  effect  of  the  combustible  in  question,  as  com- 

84 

pared  with  that  of  pure  carbon,  will  be  expressed  by  the  fraction  =:  -,  and 

Mi 

the  statement  for  this  absolute  heating  effect  expressed  in  units  of  heat  will  be 

=  78.100  .  ^  =  230.m 

Though  somewhat  complex  in  theory,  the  process  just  described  is  con- 
ducted  with  facility.  The  results  are  tolerably  reliable ;  but  they  inyolve  a 
constant  error  of  about  ith.  Forchammer  has  somewhat  improved  this  pro* 
cess,  but  tho  results  still  involve  a  constant  error. 

The  chemical  reader  will  perceive  that  the  process  of  Berthler  just 
described  is  very  nearly  allied  to  the  ordinary  combustive  operations  followed 
in  organic  analysis.  Jf,  instead  of  oxide  of  lead,  oxide  of  copper  be  emfdoyed, 
we  have  at  once  the  preliminary  conditions  of  ultimate  organic  analysis. 
Accordingly,  this  means  of  estimating  the  absolute  heating  effect  of  fuel  has 
been  frequently  adopted, — ^the  oxygen  appropriated  by  combustion  being  cal- 
culated in  the  usual  manner  from  the  amount  of  carbonic  acid  and  water 
respectively  developed,  and  the  final  reduction  into  terms  of  absolute  heat 
being  deduced  from  the  application  of  Welter's  laws,  explained  in  page  47. 

Besides  the  methods  already  indicated,  may  be  noticed  the  process  des- 
cribed by  Sheerer  in  his  MetaUurgie,  vol.  i.  p.  130,  founded  on  considerati<m<rf 
the  chemical  composition  of  the  fiiel.  In  addition  to  which,  processes  have  been 
devised  with  the  same  object  in  view,  by  Laplace,  Lavoisier,  Dalton,  Marcos 
Bull,  and  others. 

Specific  Heating  Sffects  of  Fuel. — ^We  have  already  explained  that  if 
fciels  be  compared  as  regards  the  respective  thermic  effects  of  their  combus- 
tion, weight  for  weight,  tlie  respective  absolute  heating  effects  of  each  will  be 
deduced ;  whereas  if  they  be  compared,  bulk  for  bulk,  then  we  arrive  at  the 
specific  heating  effects  of  each.  We  arrive,  therefore,  at  the  following  deduc- 
tion : — ^Knowing  the  absolute  heating  effect  of  any  combustible,  we  arrive  at 
the  knowledge  of  its  specific  heating  effect  by  multiplying  the  numerical  ex- 
ponent of  the  former  by  the  number  expressing  the  specific  gravity  of  the 
combustible. 

Such,  then,  are  the  indications  of  thcoxy  and  the  results  of  laboratoiy 
operations  thereupon  founded.  The  practical  smelter  need  not  be  told  that 
not  even  a  near  approach  to  the  figures  arrived  at  is  possible  on  the  large 
scale.  Such  accordance  between  theory  and  practice  could  only  result  if  the 
total  amount  of  heat  generated  by  the  combustion  of  a  fuel  were  conoentrated 
on  the  ore  submitted  to  its  agency.  This  is  an  impossible  condition ;  even 
more  heat  invariably  escapes  from  furnaces  in  the  state  of  combustible  gas 
and  as  radiant  heat,  than  the  actual  amount  of  heat  made  effective.  Much 
may  be  accomplished  in  lessening  the  divergency  between  theory  and  prao- 
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tijiiig  the  fdel,  as  much  as  drcmnstancee  will  permit ;  by  regulating 
ont  of  air-dniag^,  applying  the  hot  gaseous  products  of  fnmace-oom- 
to  eobsidimry  purposes,  and  taking  advantage  of  other  conditions 
hoQ^  Uiey  yazy  in  different  establishments  and  for  different  metal- 
pentions,  depend  on  a  few  unvarying  scientific  principles,  and  will 
mggest  themselves  to  an  intelligent  observer. 

Miiiitfto  Effects  of  BiffeveAt  Fuels. — The  amount  of  heat  evolved 
given  fuel,  whether  in  relation  to  its  weight  or  its  bulk,  differs  widely 
I  degree  of  heat  capable  of  being  yielded  by  it  in  any  one  locality. 
;  the  conditions  involved  a  little  (though  not  fundamentally)  by 
ig  a  parallel  case,  evidently  a  quart  of  boiling  water  contains  twise 
»nnt  of  heat  which  a  pint  of  boiling  water,  though  the  contents  of 
U  cause  the  thermometric  column  to  stand  at  21 2^  F.  Now  212**  F.  is, 
e,  said  to  be  the  thermometric  heat  of  boiling  water ;  and  if  a  ther- 
r  could  be  procured  capable  of  indicating  fomacc  heats,  we  should 
kt  deductiona  parallel  with  that  obtained  from  the  consideration  of 
water.  For  the  estimation  of  combustlve  heat,  however,  special  me- 
nst  be  had  recourse  to ;  inasmuch  as  thermometers  are  not  competent 
lie  temperature  of  such  high  degree.  The  deductions  are  arrived  at, 
irectly  by  the  aid  of  instruments  (pyrometers),  or  indirectly  by  caku- 

evident  that  the  principle  of  expansion  of  liquids  in  tubes  is  unadapted 
netrie  construction,  inasmuch  as  the  utmost  limit  of  the  indication 
instruments  can  only  Ml  somewhere  within  the  boiling  point  of  the 
mployed.  Gaseous  and  solid  bodies  are,  therefore,  alone  adapted  to 
j traction  of  pyrometers. 

mietric  estimations  admit  of  division  into  three  general  classes :  (A) 
e  indications  of  which  are  based  upon  the  expansion  of  some  particular 
yrometer) ;  (B)  those  which  are  founded  on  a  consideration  of  the 
parted  to  water  by  a  heated  body ;  and  (0)  those  the  results  of  which 
need  from  considerations  of  the  melting  points  of  metals  and  metallic 


I. — ^In  the  year  1782,  Wedgwood  invented  the  pyrometer 
las  since  borne  his  name.  Its  i^ency  depends  on  the  contraction 
experienced  v^en  exposed  to  high  temperatures.  A  cylinder  of  clay  of 
ifinite  size  when  cold,  which  shrinks  before  heating  to  a  known  extent 
I  two  converging  sides  of  a  wedge-shaped  cavity,  sinks  lower  down  in 
le  cavity  after  having  been  heated ;  and  Wedgwood  assumed  that  the 
of  contraction  of  the  clay  would  be  always  proportionate  to  the  degree 
to  which  it  might  have  been  exposed.  This,  however,  is  a  false 
tion :  along-continued  and  moderated  heat  is  found,  in  practice,  to  cause 
1  amount  of  contraction,  or  shrinking,  with  a  more  violent  degree  of 
ring  a  shorter  period ;  hence  it  follows  that  the  indications  of  this  in- 
it  ace  all  but  worthless. 

den*  Gluten  Morveau,  Neumann,  Peterson,  and  Gibbon,  and  some 
have  devised  each  respectively  a  pyrometer,  the  general  '^nuci'^^  \ 
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of  wliich  are  alike,  being  dependent  on  the  expansion  of  a  platinnm  bar. 
Darnell's  instrument  is  the  most  perfect  of  these,  and  its  indications  most 
to  be  relied  upon:  however,  its  use  is  attended  with  incoxnrenienoe,  and 
it  has  no  pretensions  to  the  accuracy  of  a  thermometer.  In  the  oonstmctum 
of  this  instrument  the  scale-point  is  retained  separate  from  the  expansive  plir 
tinum  bar,  which  latter  is  alone  exposed  to  heat  It  is  a  very  inoanvenienfc 
circumstance  attending  the  employment  of  this  instrument  that  no  indicatioiis 
of  temperature  can  be  gained  by  it  whilst  it  remains  in  the  furnace.  Hie  fire 
must  be  first  extinguished,  and  the  platinum  bar  withdrawn.  Moreover,  the 
arrangement  by  which  the  expansion  of  the  bar  is  worked  upon  in  the  fur- 
nace is  somewhat  imperfect,  and  begets  error. 

The  air  p3rrometer  was  first  devised  by  Schmidt,  in  1804,  and  subse- 
quently perfected  by  Petersen  and  PouiUet.  It  is  only  a  modification  of  the 
following  lecture  demonstration  of  the  expansibility  of  air  and  other  gases  by 
heat. 

Let  a  glass  tube  be  closed  at  one  end,  and  blown  into  a  bulb,  the  other 
end  remaining  open.  Let  now  the  ulwle  of  the  tube  and  a  portion  of  the 
bulb  be  charged  vdih  fluid  (water  or  mercury).  This  being  done,  let  the 
orifice  of  the  tube  be  immersed  in  a  vessel  of  water.  Assuming  that  these 
instructions  have  been  strictly  followed,  the  level  of  the  fluid  in  the  tube 
T\dll  continue  to  sink  until  all  tlie  fluid  has  at  length  been  driven  out  of  the 
tube,  if  the  bulbular  portion  of  the  apparatus  be  heated.  This  result  obviously 
depends  on  tlie  expansion  of  the  air  contained  within  the  bulb ;  and  by  noting 
the  amount  of  expansion,  as  expressed  by  the  descent  of  the  fluid  level,  we 
arrive  at  thermoscopic  indications.  The  material  glass  is  obviously  nnadapted 
for  resisting  high  degrees  of  heat;  but  if  the  bulbular,  and  a  portion  of  the 
tubular  part  of  the  apparatus  be  made  of  platinmn,  there  should  result  a 
modified  instrument,  capable  of  measuring  any  temperature  which  the 
metal  platinum  is  able  to  resist  without  fusion.  The  common  air  ther- 
mometer thus  modified  becomes  the  pyrometer  of  Schmidt,  Petersen,  and 
Pouillet 

The  final  indications  of  this  kind  of  p3rrometer  will  of  course  be  arrived  at 
by  considering  the  laws  of  gaseous  expansion  and  the  agency  of  heat  Ac- 
cording to  the  researches  of  M.  Begnault,  the  amount  of  expansion  of  atmo- 
spheric air  heated  from  32**  F.  to  212**  F.  is   3665  or  *3670  on  its  original 

bulk  at  32«  F.,  being  Jiths  for  each  degree  of  the  Centigrade  scale,  or  -^rr. 
for  a  degree  of  Fahrenheit 


(B.)  Pyrometers  founded  on  considerations  of  the  Heat  imparted  to  Water 

by  a  heated  body. 

This  principle  of  pyrometric  measurement  was  first  adopted  by  Clement 
Desormes,  and  Schwartz.  It  has  been  subsequently  improved  upon  by 
Wilson. 
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The  method  of  Schwartz  is  based  upon  a  cousideratiou  of  the  formula : 

1  which  X  being  the  temperature  sought,  Q  is  tlie  weight  of  water,  the  tem- 
eratore  of  which  is  t'  previous  to  the  immersiou  of  a  lieated  body,  P  the 
rei^t  of  metal,  $  its  specific  heat,  and  t  the  temperatm*e  of  water  after  the 
mmersion  of  the  heated  body.  Such  is  the  principle  on  which  the  heat  esti- 
latioii  by  the  foregoing  process  is  deduced.  To  expatiate  on  it  further  would 
sad  us  too*far  from  the  immediate  objects  of  this  introduction. 

Beat  Effects  Beduced  without  Zastnunents. — This  method  has  been 
laborately  explained  by  Scheerer  in  his  treatise  on  Metallurgy.  Brendel, 
ieich,  Winkler,  and  Merbach  have  also  examined  its  conditions  during 
avestigations  in  which  they  were  concerned,  to  determine  the  heating  power 
f  fuel,  with  especial  reference  to  the  economic  application  of  heated  air  and 
team. 

The  process  admits  of  being  generally  stated  as  consisting  in  the  applica- 
ion  of  formuLe  representing  the  absolute  heating  efiects,  the  relative  weight, 
Jid  specific  heat  of  the  products  of  combustion  evolved  from  the  fuel  imder 
xamination.  The  following  case  will  ser^'e  as  an  example  of  the  nature  of 
he  process,  and  its  application  to  the  combustibles  carbon,  hydrogen,  and 
aiboretted  hydrogen.  Equal  weights  of  the  three  respectively  are  of  course 
narked. 

Centigrade. 
Carbon  burned  in  oxygen  to  form  carbonic  acid,  }delds  heat  =  9873* 
Do.        burned  in  air  „  „  „  =  2-458 

Carbon  burned  in  air,  and  forming  carbonic  acid      „  :=  1310 

Carbonic  oxide  gas  burned  in  air  ,,  =  2121 

Do.  do.  burned  in  oxygen  „  nz  5316 

light  carburetted  hydrogen  burned  in  air  „  =  2200 

Do.  do.  burned  in  oxygen  „  =  0308 

Olefiant  gas  burned  in  air  ,,  =  1935 

Do.  burned  in  oxygen  „  =4706 

Hydrogen  burned  in  air  ,,  =  2O8O 

Do.  burned  in  oxygen  „  =4073 

From  a  consideration  of  which  numerical  exponents  it  is  evident  that  the 
»mbustibles  under  consideration  evolve,  during  combustion,  an  amount  of 
prometric  heat,  or  furnace-heating  power,  in  direct  proportion  to  the  carbon 
hich  they  contain ;  whilst  the  total  or  absolute  heating  effects  arc  proper 
>nate  directly  to  the  quantity  of  hydrogen :  the  latter  condition  is  referable 
the  circumstance,  that  the  water  resulting  from  hydrogenous  combustion 
>8orbs,  and  renders  latent,  nearly  four  times  as  much  heat  as  the  carbonic 
ad  resulting  from  the  burning  of  carbonaceous  materials. 

Tabulatii^  the  results  of  Scheerer's  experiments,  we  arrive  at  the  follow- 
g  expositions  by  weij^ht  and  by  measure : — 


i 


f>i 


FIBOMETKas. 


tlie  tbcmioiuetcr  of  Breguct.  the  dcBcriptiou  of  which  we  tbereforo  appeoiJ. 
Breguct's  metallic  tkerruomcter  is  based  upon  a  common  clasB>Toom  experi- 
ment of  the  follom-ing  kind ; — If  two  Uiiii  Blrips  or  bats  be  token  of  different 
luetttla,  tlie  oxpnnaiim  of  which  is  nnequal,  as,  for  example,  a  ehp  of  ii 
a  slip  of  brass,  each  nbout  t^tli  of  on  iuch  tliick.  finches  wide,  and  1&  inches 
long;  nud  if  tlieso  two  shps  bo  firmly  rivetted  together,  a  compound  shp 

reBuIte,  aa  rcpreBented  in  Fig.    ^ , ^__ 

2.    When  a  Blip  of  this  kind     '       '      '   ^ss^^^mt^ 
3  Bnhject«d  to  ordinary  atmo-  ^-  "■ 

spheric  tempcmtnres,  it  remains  straight ;  but  if  it  be  heittcd,  the  diiTerent 
expansiveiicsa  of  iron  and  bmss  causes  it  to  bend  into  a  curve,  as  aliown  in 

Fig.  13,  the  convex  side  of  the  com.  

pgnnd  shp  being,  in  nil  cfiBCS.  tliat 

where  is  situated  the  metal  of  highest    /^^"  ^"^^  I, 

expsnaivenew;  lin  thia  case  brass).        '^ 

The  principle  on  which  Brcguet's 
thermometer  in  founded  will  now  be 
readilj  apparent.  It  conaistK  uf  a  sUp 
of  BUvcr  and  one  of  platinum  united 
face  to  face  i\ith  solder,  and  coiled  iutu  a  vertical  Rpiml,  tlie  lower  end  of 
which  is  fixed,  n'hilst  to  the  npper  end  is  attached  nn  index  or  needle, 
moving  over  a  graduated  plate.  It  ia  ei'idcut  tliat  heat  will  cause  this  heUi 
to  expand,  and  tlie  needle  to  clinngo  proportionatelj  to  tlio  expansion, 
51.  Breguct  det«Tnined,  by  experiment,  that  tlie  eeveral  amounts  of  this 
expansion  for  each  part  of  the  scale  ai-c  comparable  amongst  themselve 

tlint  hia  iustnii;iciit3,  within  tlio  limits  between 
the  freezing  and  the  boiling  point  of  water,  are 
rphablo. 

Although  in  the  foregoing  descriptioB 
assumed,  for  the  aake  of  aimplifjing  the  matter. 
that  the  bar  is  merely  compounded  of  two  metals, 
platinum  and  silver,  M.  Bregnet  actually  makes 
the  spiral  of  liis  thermometer  of  three  ;  accord- 
ingly the  instrument  is  now  made  by  interposing 
between  the  platinum  and  silver,  a  metal  of  m 
dilatahility— of  pure  gold,  for  example.  So  great 
ia  the  sensibihty  of  this  instrument,  that  w" 
inclosed  in  an  air-pump  receiver,  and  the  air 
withdrawn,  it  indicates  a  rednction  of  tempera- 
ture from  (18°  F.  to  a.'j°  F  (=  44'  F.).  whilst  a  sensitive  mercurial  thermometer 
fell  ouly  so"  F.  The  npiiended  woodcut  ia  a  representation  of  one  of  Breguet'a 
thermometers. 


rig.  u. 
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CHAPTER  IV. 

kX  CHAaACTERTSTICS  OF  THE  METALS — THEIR  SOURCES  AND  DI8TRIRUTI0N, 
THSIB  CHEMISTRY,  QUALITATIVE  AND  QUANTITATIVE — ^ASSAYING. 

iition  to  the  s3rBteinatic  teachings  of  philosophy,  each  suhjcct  of  philo- 
3  inquiry  has  hroad  features  and  salient  points  of  its  own,  which  impress 
lelves  on  our  observation  at  once,  and  often  remain  fixed  in  the  memory 
systems  are  forgotten.  It  shall  be  our  endeavour  to  present  the  reader 
Bi  cursory  glance  at  these,  and  thus  conclude  our  introduction. 
on. — ^Many  of  the  "  points"  of  this  useful  metal  have  already  been  deter- 
1  in  a  collateral  way,  while  others  are  reserved  for  special  consideration, 
it  our  present  remarks  will  be  few.  In  a  metallurgic  sense,  the  minesal 
es  of  iron,  as  we  have  already  indicated,  are  very  extensive.  Iron 
s  in  a  native  state,  though  not  in  quantities  sufficient  to  be  of  value  to 
lurgy.  Native  iron  is  chiefly,  if  not  altogether,  of  meteoric  origin, 
t  has  the  peculiarity  of  containing  nickel. 

nlphuzets  ov  Sulphides  of  Ixoiu — ^Iron  is  found  combined  with  sulphur 
v'eral  proportions,  sometimes  alone,  at  other  times  combined  with  other 
s.  Of  the  former  there  are  two  sulphurets,  the  one  known  as  magnetic 
3s,  the  latter  as  common  iron  pyrites,  being,  in  chemical  language,  a 
phuret  or  bisulphide  of  iron.    There  are  also  arsenical  iron  pyrites, 

copper  pyrites,  and  the  mineral  purple  copper,  which  is  a  compound 
Iphur,  copper,  and  iron.  The  minerals  Weissgiltigers  and  Oraugiltigerz 
omponents  of  sulphurets  of  copper,  iron,  and  zinc.  When  arsenic  is 
ined  with  the  preceding,  the  mineral  result  is  termed  gray  copper.  Of 
GUT  qualitative  composition,  also,  is  the  mineral  called  *'  Tennantite;'*  and 
ombination  of  sulphurets  of  antimony,  of  copper,  of  arsenic,  and  of  silver, 
own  as  copper-blende. 

or  smelting  purposes  the  sulphurets  of  iron  are  useless,  sulphur  being  a 
rial  very  prejudicial  to  the  quahty  of  iron,  and  arsenic  more  prejudicial 

Smelting  processes  cannot  well  eliminate  the  two  noxious  agents ;  or, 
ist,  other  ores  of  iron  are  so  numerous,  and  so  much  more  readily  worked, 
the  working  of  iron  pyrites  will  not  pay. 

xygen  GompomUU  of  Iron. — Mineralogically  considered,  these  ore 
numerous,  and  constitute  the  chief  source  of  iron.  There  are  two  oxides  of 
known  to  chemists,  the  protoxide  and  the  peroxide,  or  sesquioxide :  both 
3se  occur  as  ores  in  nature.  The  mineral  knowTi  as  specular  iron  is  pure 
lioxide ;  it  constitutes  the  celebrated  iron  ore  of  Elba.  This  mineral, 
L  hydrated,  is  also  called  red  iron-atone  and  blooihtone^  or  hamatLtes  (red 
>rown).  The  minerals  known  by  the  names  of  brown-iron  ore  and  bog- 
ore  are  composed  respectively  of  sesquioxide  of  iron  and  water;  in 
leal  language,  "hydrated  sesquioxide  of  iron."    Bog-ixon  OT^,\io^€^«t,  \ 
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differs  from  the  iirst  in  containing  a  portion  of  silicio  and  phosphoric  add. 
Clay  iron-stone  consists  of  iron  mixed  with  a  large  amount  of  extraneous 
matters.  Tlie  mineral  termed  chromate  of  iron  is  a  compound  of  oxide  <tf 
iron,  and  oxide  of  chrome,  together  with  alumina  and  magnesia.  The  mineral 
termed  Frankliiiite  or  dodecahedral  iron- ore  is  a  mixture  of  sesquioxide  of 
iron,  oxide  of  zinc,  and  protoxide  of  manganese.  Automolite  is  a  mixture  of 
protoxide  of  iron  and  oxide  of  zdnc,  together  with  alumina,  zinc,  magnesia, 
and  silica.  Menaccanite,  Titauiferous  iron,  Crichtonite,  Nigiine,  Iseiine, 
Ilmenitc,  and  a  few  otlier  minerals,  are  combinations  of  protoxide  with  titsnic 
acid.  Wolfram  is  a  compoimd  of  tungstate  of  protoxide  of  iron  with  tungstste 
of  manganese.  Skorodite  is  a  compound  of  peroxide  of  iron  with  arsenic  add 
and  water;  besides  which  there  are  two  arseniates  of  protoxide  of  iron  (cnhic 
iron  and  pitchy  iron  ore).  The  mineral  known  as  spathose  iron  is  a  ear- 
bonate  of  protoxide  of  iron,  often  mixed  with  carbonate  of  protoxide  of  man- 
ganese; also  lime,  water,  and  magnesia.  Besides  the  minerals  alzM^jr 
indicated,  ii'on  also  occurs  in  several  states  of  combination  with  phosphoric 
and  silicic  acids ;  also  in  union  with  soda,  lime,  alumina,  manganese,  mig- 
nesin,  nickel,  cobalt,  cerium,  yttria,  and  otlicr  bodies.  Iron  is,  therefore,  one 
of  tlic  most  extensively  diffused  of  all  metals. 

Chemical  Chaxacteristlca  of  Iron. — Perhaps  no  metal  can  be  so  readi^ 
made  evident  by  the  operation  of  chemical  tosts  as  iron.  Whether  the 
testing  process  be  conducted  in  the  moist  or  dry  way,  the  proo&  are  un- 
failing ;  though  tlie  former,  we  think,  yields  the  surest  indications.  There 
are  two  oxides  of  iron,  protoxide  and  x)eroxide  (or  sesquioxide),  capable  of 
uniting  witli  acids,  and  forming  salts — protosalts  and  pei*salts  (otherwise 
called  sesquisalts)  reBi)ectivcly.  The  characteristic  tint  of  the  persalts  is  red  or 
brown,  and  the  protosalts  green ;  or  else  the  latter  are  colourless.  It  is  difficult 
to  get  a  pure  protosalt  of  iron,  so  great  is  the  tendency  of  this  class  of  salts 
for  oxygen.  Usually,  when  iron  is'  dissolved  in  sulphuric  or  hydrochloric 
acid  for  the  purpose  of  subsequent  testing  or  separation,  the  solution  is  a 
mixture  of  protosalt  and  persalt.  The  chemist  BlwAys  converts  the  whole 
into  the  state  of  percombinatiou,  by  mixing  it  vriih  a  little  nitric  add,  and 
boiling.  Practically,  tliercfore,  we  have  only  to  consider  the  tests  and  pre- 
cipitants  for  prroxidc  of  iron  in  combination,  inasmuch  as  the  state  of 
peroxide,  or  ])oroxide  combination,  is  that  in  which  iron  is  alwnys  estimated 
in  the  moint  way. 

Tents  of  the  presmce  of  Sesquioxide  of  Iron  in  Solution, 

Two  of  the  tests  of  tlio  presence  of  this  substance  are  of  espedal  import- 
ance :  tincture  or  iufiisiou  of  galls — a  gallic  add  which  strikes  a  black  colour 
(ink) ;  and  ferrocyauide  of  potassium,  which  yields  a  characteristic  Prussian 
blue.    These  tests  are  so  distinctive,  that  all  others  may  be  omitted. 

Prccipitants  of  Oxide  of  Iron, 

Wlienever  the  conditions  of  analysis  permit,  peroxide  of  iron  is  thrown 
down  by  ammonia  heated  to  redness,  taking  care  that  no  organic  matter  is 
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tact  frith  it,  and  weighed :  evexy  bO  parts  by  weight  correspond  with 
ts  by  weight  of  metallic  iron.  Peroxide  of  iron  and  alumina,  when 
dst  together  in  solution,  are  generally  precipitated  together  by  ammo- 
6  alnmiua  being  subsequently  dissolved  out  by  caustic  potash.  Occa- 
y,  peroxide  of  iron  does  not  admit  of  being  thrown  down  by  ammonia ; 
aeh  case,  succinie  or  benzoic  acid  is  employed,  and  the  metal  thrown 
u  the  condition  of  succinate  or  benzoate  of  Uie  peroxide. 

'ktermination  of  the  pretence  of  Iron  qualitatively  by  the  Blowpipe, 

remark  applies  to  blowpipe  metallic  indications:  either  the  metals 
duced  to  the  metallic  form,  and  thus  rendered  evident,  or  the  metals, 
leir  Tidatile  combinations,  are  thrown  off  in  a  characteristic  vapour ; 
lally,  their  combinations  yield  characteristic  tests  yMi  fluxes.  The 
ipe  indications  yielded  by  iron  are  of  the  latter  kind.  We  have  already 
ked  that  there  must  be  two  oxides  of  iron,  the  protoxide  and  the  sesqui- 
or  peroxide,  both  capable  of  imiting  idHi  acids ;  there  is  also  another, 
lack  oxide  :  all  three  are  concerned  in  affording  indications  of  the 
ice  of  iron  under  blowpipe  analysis.  The  blowpipe  flame  consists  of 
irts,  each  having  a  different  function :  the  cone  A  (Fig.  10)  is  called  the 
ing  flame,  seeing  that,  by  virtue  of 
genous  and  carbonaceous  matter 
it  consumed,  it  elimates  oxygen ; 

the  other  hand,  is  the  oxidizing 
,  seeing  that  it  imparts  oxygen 
iies  under  treatment,      liinute 

»ns  of  iron  mineral,  if  mixed  with  flux,  taken  up  in  a  platinum  loop, 
leated  in  the  reducing  flame,  yield  a  glass,  the  colour  of  which  is 
'  bottle-green  or  copperas-green,  according  as  protoxide  or  black  oxide 
m  is  present;  if  held,  on  the  contrary,  in  the  oxidizing  flame,  the 
ing  gkss  will  be  red.  IBy  altematiug  the  two  flame  cones,  the  change 
gEeen  to  zed  and  red  to  green  may  be  repealad  indefinitely.  A  small 
de  of  tin  mizad  with  borax  and  peroxide  much  frdlitates  the  reduction ; 
L  thk,  and  airery  other  case  involving  the  similar  employment  of  metals, 
r  a  plati&mn  loop  should  not  be  used,  or  the  metil  should  not  be  allowed 
Be  in  courtact  with  it.  This  latter  condition  is  not  diflicult,  if  moderate 
be  exezdied;  it  can  easily  be  retained  iu  the  flux  comprised  in  the 
ram  loop,  without  touching  the  platinum,  rerhaps  it  is  scarcely  neces- 
to  obserre,  that  platiiiimi,  tliough  alone  a  very  infusible  metal,  readily 
when  heated  in  contact  with  tin.  lead,  zinc,  &c.  If  the  borax  exhibits 
e  instead  of  a  green  tint,  the  presence  of  cobalt  is  indicated ;  if  violet, 
Qg  to  red,  manganese ;  if  dark  violet,  changing  to  green  when  hot  in  the 
ing  flame,  blue  when  cold — both  cobalt  and  manganese  are  indicated. 

Furnace  estimation  of  Iron  on  the  email  scale— The  Iron  Assay. 

Ithough  the  estimation  of  iron  by  the  moist  process  is  the  more  accurate 
sa,  yet  the  dix«ct  extraction  of  iron  from  an  ore  containing  it  by  process  I 
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of  fiiniiiCH  or  cruuilik  e^ucj  is  perhaps  the   more   generall;  eligible, 
^onliug  rlearcr  iufoimatiuu  respecting  Uie  ftctnal  qnuiti^  of  iron  obUimUa 
n  tlir  liLr;io  KlUc. 

AamAjlnc  Fvnweei. — The  liigh  temperatnTe  at  which  the  foeioii  of  inn 
cntnim,  retinirrs  tlint  fimiuccH  cmploj'^  in  conducting  the  sssaj  of  this  metil 
■houU  field  nlnuist  Ihc  ulrongcat  of  which  fimaceB  u«  capable,  and  that  the 
cnieihk<a  ciuphivcd  ohuuld  be  of  the  tnoHt  re&nctoiy  nufaoials.  In  Sneden, 
"ofiinini-D  ompli^red  Li  known  as  Sefatriim's  fiimace,  the  chaiacteristics  of 
tvhicli  will  ho  presently  dcitcribod ;  but  a  blaat-fumoce  of  good  constmctiim 
aniwrm  perfectly  well, 

Tlio  vi'iy  iiip^iiioiis  form  of  blnst-fumace  knotm  bb  Se&trom's,  coiuiiti 
of  nn  rxtcnial  cyliiidpr  of  iron  ptnte,  abont  fifteen  inchea  in  diameter,  and  u 
iiaI  ejliudor  of  the  mme  kind  of  material,  separated  from  the  precediij 
by  an  air-xpnce  of  alMiut  tlio  thickness  of  an  inch.  The  connection  of  thf 
two  cyhndcra  u  cslnlilislied  with  each  other  by  n 
iron  coiTFHpondinc  nilh  tlic  widtli  of  the  air-chamber,  and  joining  the  two. 
Both  pxti'runl  and  internal  ryliudrra  hare  bottoms  of  sheet-iroa  plate,  s 
fumiico  ix  romiileteJ  (nil  except  tlie  apertures  in  it,  and  which  constit 
main  ]H'eiilinrily)  liy  ii  liiiiiif;  of  fine  clay.  The  functional  pecnliari^  of  tbi 
'icfsli'iimfunini'uis  this: — Ordinary- iiiiid-fumaccs receive  their  bkat  throof^ 
)no  npertiirc,  and  deliver  the  same  in  one  blast  on  the  entrance ;  bnt  the 
iktfiitriim  fiinmco.  llioiigh  receii'ing  its  current  of  air  by  o 
into  till'  iiir-ehiiinber,  cireuniscribed  by  tltc  concentric  pylindcrs,  deliveTS  &» 
1<>  llio  fuL-1  by  many  blasts,  each  determined  by  a  perforatiai 
f  iiitenial  eylindcr  and  lining  clay. 


Thu  n 


'iiinpniiyi 


1  (Fig  Iti)  represents  the  cstemnl  cylindft 
of  a  Sefstrtim  furnace  removed,  ita  origioil 
sitnation  being  indicated  by  dots,  and 
t'ig.  IT  ehons  the  arrangement  of  this  ec 

!    vcuient    httle 

I    fumaco  when   ] 

I    in  use    Char 

I    coal  broken  ti 
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j  hazel  nuts  is 
I  the  fuel  cm 
)  ployed  in  S«L 
den;  biitami\ 
turo    of   small  ««  ' 

*  coke  and  chartoal  may  be  used  instead. 

■Whatcverthokuid  of  furnace  employed,  tlie  crucible  steps  of  the  operation 
..re  as  follow  :^Ha¥ing  selected  a  crucible  of  proper  dimen^ns,  it  must  be 
lined  with  a  coating  of  coarsely-powdered  charcoal.  Tliia  ia  done  by  moist- 
ning  the  charcool,  and  ramming  it  into  the  crucible  with  a  wooden  pestle,  m 
such  maimer  that  the  poatlo  serves  as  a  mould  to  form  a  cavity.  The  ram- 
ming process  must  not  be  acoompliahed  at  once,  but  by  successive  stages,  and 
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ni^  muBt  be  accnntelj  smoothed  before  the  operation  of  lining  is  com- 
The  charcoal  lining  ■hoold  be  not  less  than  half  an  inch  thick  at  the 
•Mt  part,  and  the  moulding  should  bo  so  conducted  that  the  resulting 
r  maj  have  the  figure  here  represented,  the  small  chamber-like  controc- 
>eing  the  loeahty  where  the  ore  to  be  amazed  ia  deposited, 
ay  kind  of  fomace,  even  a  eonunon  smitli's  forge,  may  be  used  foi  sssaj- 
Thoae  firsB  which  are  supplied  with  Porter's  patent  tuyere  aie  the  beat, 
toyere  is  represented  in  the  ac- 
anying  aigraving  (Fig.  IB) ;  it 
.  conic  valve,  which  is  moveable 
below  by  a  lever,  cauaing  the  _.    .. 

-e  to  pass  more  or  less  blast,  by 

lishing  or  increasing  its  opening.     Over  this  tnyere,  or  indeed  any  otlier, 

all  btick-ftirnace  may  be  formed,  and  used  as  the  one  above. 

.  crucible  is  sometimes  formed  as  shown  in  Fig.  19.    It  is  of  fire-clay  ; 

.,  -  the  foot  b  moulded  to  it,  and  serves  as  a  stand ; 

(  it  is  well  baked,  and,  in  fact,  treated  like  any  other 

f  crucible.  The  pot  contains  a  lining,  cousistdng  of 
one  part  in  weight  of  fine  clay,  and  one  of  fine 
charcoal  powder,  moistened  with  a  littlo  water, 
Vtitb  this  mass  the  interior  of  tlie  crucible  is  lined 
to  about  a  quarter  of  an  inch  thick.  A  second 
lining  is  now  formed  of  two  parts  carbon  and  one 
of  clay,  which  is  also  moistened,  the  crucible 
filled  with  it,  and  the  whole  genUy  dried.  Into 
this  last  lining  a  block  of  wood  is  pressed  nhilc 
the  mass  ia  still  moist,  and  a  cavity  formed  in 
the  cone-like  shape  shown  in  the  engraving,  to  re- 
ceive the  ore  for  smelting.  The  pot  is  now  covered 
Hf.  u.  by  a  slab  of  fire-clay. 

The  ore  to  he  assayed  ia  finely  powdered,  and 
rwrj  100  grains  of  ore  from  12  to  39  grains  of  boras,  vith  about  lialf  as 
X  ofaalk,  and  from  6  to  10  grains  of  hydrate  of  lime  ore  added.  Tills  flux 
itl  mixed  with  the  ore,  and  all  finely  powdered  and  put  into  tlie  pot, 
rad  with  a  layer  of  charcoal-powder  about  a  quarter  of  an  inch  thick,  and 
lajr  oUh  luted  firmly  to  the  crucible,  which  is  placed  in  the  furnace. 
Ii4  perfect  fusion  of  iron  requires,  under  the  beat  of  conditions,  so  great 
raonnt  of  heat,  that  it  becomes  a  matter  of  great  consequence  to  acloct  for 
pwticular  sample  of  iron  ore,  tlio  most  appropriate  fluic. 
'o  fulfil  this  con<Ution  with  certainty  and  at  once,  a  preliminary  chemical 
rais,  by  the  moist  way,  of  each  particular  ore,  would  be  necessary ;  but 
irocese  of  assaying  is  adopted,  for  the  most  part,  to  avoid  the  care  and 
tie, — tbe  necessity  of  chemical  apparatus,  and  chemical  knowledge,  in 
I  only  requiring  approximativa  results ;  hence,  to  make  an  elaborate 
deal  analysis  precede  by  necessity  the  process  of  assay,  would  be  to 
m  the  latter  of  its  greatest  claim  to  preference.    I  abaVl,  thenfoie,  ttaXc 
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tlie  general  pnnciples  to  be  remembered  in  the  fluxing  of  particular  Bampkw 
of  iron  ore,  and  point  out  in  what  manner  they  may  be  rendered  available, 
under  the  guidance  of  tact,  and  chemical  judgment  as  distinguished  from 
chemical  demonstration.  The  main  object  of.  fluxes  in  all  operations  invcdv- 
ing  their  use,  is  the  formation  of  eadly  fusible  slags.  Now,  practice  haa 
determined  that  the  most  fusible  iron  ores  ore  those  in  which  the  carbonates 
of  earths  (of  lime  and  magnesia)  taken  as  one  class,  and  the  clayey  and 
silicious  matters  taken  as  another  class,  are  in  the  ratio  of  two  to  three.  The 
X)oint  to  determine,  then,  is,  the  amount  of  deviation  from  this  ratio  in  any 
particular  ore  under  consideration.  When  known,  the  clayey  or  argillaceoiiB 
defect  can  be  made  up  by  China  clay;  and  the  defect  of  carbonates  of 
earths  by  chalk.  Without  having  recourse  to  quantitative  analysis,  a 
tolerably  correct  judgment  may  be  acquired  by  treating  a  portion  of  ^ 
powdered  ore,  with  dilute  hydrochloric  (muriatic)  acid  in  a  test  tube.  If  no 
carbonates  be  present,  there  will  be  no  efiervescence ;  and  the  amount  of  effer- 
vescence will  be  proportionate  to  the  amount  of  carbonate.  This  simple  ex- 
pedient will  be  usually  enough  for  all  practical  purposes. 

The  quantity  of  iron  ore,  finely  powdered,  submitted  to  assay,  must  deptnd 
on  the  operator's  means  of  applying  furnace  heat,  and  weig^iing.  If  a  Sefirtriim 
furnace  be  used,  and  a  good  assaying  balance  at  hand,  twenty  gndxiB  wiH  be 
ample ;  and  in  no  case  perhaps  can  the  amount  operated  on  be  raised  with 
advantage  beyond  200  grains.  Whatever  the  quantity  it  is  to  be  deposited, 
mixed  with  the  proper  amount  of  flux,  in  the  little  cavity  at  the  bottom  of  the 
charcoal  crucible,  and  the  crucible  rammed  full  of  as  much  powdered  charcoal 
as  it  ^ill  contain,  the  crucible  cover  is  luted  with  fireclay,  and  the  whole 
submitted  to  furnace  heat.  At  first  tlie  heat  should  be  gentle,  but  raised 
towards  the  end  of  the  operation,  until  brought  to  the  highest  pitch  which  the 
furnace  is  capable  of  yielding.  The  process  when  conducted  in  mn  air-furnace 
usually  occupies  about  an  hour.  At  the  expiration  of  that  time,  tha  heat  is 
allowed  to  subside, — the  crucible  withdrawn, — allowed  to  cool ;  and  when  cold 
enough  to  be  handled,  the  lid,  firmly  attached  to  the  crucible,  is  broken  off; 
and  the  iron,  reduced  to  a  button,  if  the  operation  has  been  successful,  removed 
and  weighed.  The  button  will  be  foimd  lying  underneath  a  mass  of  vitreous 
slag.  The  quality  of  the  button  of  iron  is  practically  judged  of  by  seeing 
whether  it  flattens  under  the  blow  of  a  hammer,  or  breaks.  If  the  former,  an 
approach  to  the  condition  of  wrought-iron  is  indicated,  and  the  ore  promises 
to  yield  on  the  large  scale  a  fine  quahtative  result :  if  the  latter,  an  approach 
to  cast-iron  is  manifested,  which  occurring  in  the  presence,  and  under  the 
influence  of  wood-charcoal,  offers  but  little  promise  of  a  fine  result  when 
smelted  on  the  large  scale  with  coke. 

Xiead. — This  is  a  very  extensively  diffused  metal,  though  neither  so 
\videly  dissenunated  nor  so  plentifully  as  iron. 

(a.)  SulphureU  or  Sidphides  of  Lead. — ip)  Oxides  and  Oxygen  Salts  of  Lead, 

(a,)  The  principal  lead  ores,  considered  in  a  metallurgic  point  of  view,  are 
the  sulphurets  or  sulphides  of  the  metivl :  sometimes  alone,  in  others  together 
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with  Tftzions  other  metala.  Tho  monoaulpliide  of  lead,  i.e.  the  compound 
of  one  equivalent  of  stdphur  and  one  of  lead,  constitutes  the  plentiful  mineral 
gdflna,  oar  lead  glance,  characterized  hy  its  beautiful  cubic  crystals  of  bluish- 
gnj  eoloiir.  This  is  the  most  common  and  the  most  important  ore  of  lead, 
farnfahing  nearly  all  the  lead  of  commerce ;  carbonate  of  lead  yielding  the 
wimaining  portion.  Galena  is  fusible  at  a  red  heat ;  and  if  fused  in  a 
tobe  throng  which  a  current  of  atmospheric  air  is  mainteued,  it  may  be  sub- 
fimed  in  a  sort  of  distJllaiy  process.  AVhen  heated  in  the  blowpipe  flame,  or 
eren  in  tlie  unaided  flame  of  a  caudle  or  spirit-lamp,  it  evolves  sulphur  or 
n^^uroQS  acid,  accordinpf  to  the  amount  of  air  supplied.  Jameson  itfi  is  a 
oombinati(m  of  sulphide  of  lead  with  antimony,  iron,  zinc,  and  copper ;  Bour- 
mmUe,  of  snlphide  of  lead  with  antimony  and  copi>er ;  Zinkenitey  of  sidphide 
oflead  and  tersulphide  of  antimony;  Siberian-needle  ore,  of  sulphide  of  lead 
nith  tellarinm  and  nickel. 

Lead  also  is  found  united  with  chlorines,  as  cliloride  of  lead,  of  wliich  the 
Buneral  cotnnnite,  from  Vesuvius,  is  an  example,  and  in  the  form  of  boni- 
dilonde  of  lead  in  the  Mendip  Hills  of  Somersetshire.  It  is  also  found  united 
irith  selenium. 

(d.)  These,  regarded  as  naturally  occurring  mineralogical  bodies,  arc 
ifl^ortaiit  bodies  to  the  metallurgist.  There  exists  native  wliite-lead  ore, 
caiixmato  of  lead,  and  native  black-lead  ore  ":<.  and  earthy  carbonate  of  lead, 
which  is  carbonate  of  the  metal  mixed  with  alumina,  silica,  and  peroxide  of 
iron.  Oxide  of  lead  also  occurs  native  combined  witli  sulphuric  acid  (sul- 
phate of  lead) ,  though  sparingly.  These  may  also  be  enumerated  amongst  the 
(n^gen  salts  of  lead — arseniates,  phosphates,  chromates,  molybdates,  tung- 
atetea,  and  vanadiates.  Lead  finally  occurs  naturally  as  sulphuret  mixed  or 
combined  with  other  sulphurets,  as  of  iron  and  copper ;  and  in  the  metallic 
state  united  with  the  metals  silver  and  copper. 

Ckemieal  CharaeterUiia  of  Lead:  {a.)  The  Moist  Process. — (/>.)  Bhicptpc 
Reaction. — (e.)  Furnace  Estimation  of  Lead  on  the  Small  Scale — The  Lead 
Assay. 

(a.)  This  metal,  if  dissolved,  will  be  present  in  the  condition  of  protoxide ; 
for,  though  there  are  distinct  oxides  of  lead,  and  several  combinations  of 
those  oxides  amongst  themselves  in  the  manner  of  acid  with  base,  the  pro- 
toxide of  lead  is  the  only  one  which  unites  with  acids,  and  which  will  be 
Ifaerelbre  found  in  chemical  solution.  The  chemical  indications  of  the  pre- 
■enee  of  lead  in  such  a  solution  may  be  thud  summarized : — 

Hydroflulphnric  acid  and  hydrosulphate  of  ammonia  yield  a  black  pre- 
cipitate. 

Ferrocyanide  of  potassium,  a  white  precipitate ;  sulphuric  acid,  a  white 
precipitate  (sulphate  of  lead) — ^perhaps  the  most  insoluble  compound  in  nature 
after  sulphate  of  barytes,  from  wliich  it  may  at  once  be  distinguished  by  the 
action  of  hydrosulphate  of  ammonia,  which  turns  it  black. 

*  ITot  plumbago,  the  mbstanee  usually  termed  blacklead,  and  which  contains  no 
lead. 
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If  a  piece  of  iron,  zinc,  or  tin,  be  suspended  in  a  lead  solntion,  th 
reduced  to  the  metallic  form,  and  deposited. 

(b.)  Lead  salts  and  lead  ores  generally  afford  very  characteristi 
under  blowpipe  treatment  If  a  minute  portion  of  plumbiferous  : 
exposed  on  a  piece  of  charcoal  to  the  reducing  portion  of  the  blowpi 
the  lead  is  speedily  converted  into  yellow  oxide,  which,  not  being  *« 
tile,  is  deposited  in  a  ring  almost  close  to  the  place  where  the  fragm 
ux)on  was  rested.  This  is  a  very  characteristic  blowpipe  test  of  the 
of  lead. 

(c.)  Before  subjecting  an  ore  of  lead  to  assay,  it  is  necessary  to  d 
whether  it  contain  sulphur  and  arsenic,  or  whether  it  be  free  from  on< 
Galena  is  ihe  principal  ore  belonging  to  the  former  class,  whilst  c 
of  lead  is  the  chief  representative  of  the  second. 

Nothing  is  more  easy  than  to  effect,  by  preliminary  experiment,  i 
mination  of  the  presence  of  arsenic  or  sulphur.  Both  are  volatilize 
heat  of  a  spirit-lamp,  or  the  blow-pipe  flame,  and  both  yield  chon 
odours — sulphur  becoming  sulphurous  acid,  which  smells  like  the 
a  burning  brimstone-match ;  arsenic  becoming  changed  to  arseniou 
heated  alone,  or  escaping  as  volatilized  metallic  arsenic  if  heated  in 
of  deoxidizing  matter,  such,  for  example,  as  charcoaL  Vaporous  a 
known  by  its  peculiar  alliaceous  or  garlic  smell. 

(a.)  Assay  of  Lead  Ores  devoid  of  Sulphur  and  Arsenic. — (h).  And 

OreSt  containing  Sulphur  or  Arsenic ^  or  both. 

Oenexal  W^TTfi**'*. — ^Whatever  be  the  ore  of  lead  subjected  to 
cess  of  assaying,  care  should  be  taken  that  the  furnace  heat  be  not  n 
biderable  than  is  absolutely  necessary  for  effecting  the  desired  fusioi 
^^ise,  the  result  would  be  incorrect,  because  lead  is  a  somewhat 
metal,  and  portions  of  it  would  be  dissipated. 

(a.)  This  operation  is  exceedingly  easy,  nothing  more  being  requi 
to  mix  about  forty  or  fifty  grains  of  the  powdered  ore  with  about  oi 
half  times  its  weight  of  dried  carbonate  of  soda  (wasliing-soda,  witi 
water  of  crystallization  driven  off  by  heating),  and  one-tenth  of  its  v 
powdered  charcoal,  and  expose  the  whole  to  a  graduated  and  mode 
nace-heat  until  the  operation  is  judged  to  be  complete. 

In  this  and  other  cases  involving  the  employment  of  carbonate 
the  cruible  must  be  considerably  larger  than  the  bulk  occupied  by  it 
ore  and  assay,  because  the  carbonate  tumifies  and  expands,  especiall; 
the  early  stages  of  the  operation ;  and  were  not  adequate  space  all 
would  flow  over  the  crucible  and  spoil  tlie  operation. 

On  removing  the  crucible  from  the  fiimace,  it  should  be  firmly  s 
a  pair  of  tongs,  and  gently  tapped  on  a  hard  surface,  in  order  that  a 
piurticles  of  lead  not  yet  aggregated  may  collect  into  one  definite  bead, 
(^ally,  the  quality  of  lead  is  judged  of  by  the  colour  and  degree  of  ban 
(he  bead.    If  a  leadnsmelter  wishes  to  impress  one  with  notions  of 
excellence  of  lead,  he  will  affirm  it  to  be  *'  soft  as  butter." 
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If  it  be  deaired  that  still  more  accurate  knowledge  should  be  acquired  of 
the  consfitiienta  of  the  bead,  chemical  analysis,  or  at  least  a  farther  process 
of  assaying,  iniiat  be  had  recourse  to.  As  an  example  of  the  latter  case — 
asBoming  the  bead  to  contain  silver  or  gold,  or  both — ^the  two  noble  metals 
can  be  left,  and  their  conjoined  amount  determined  by  the  process  of  cupella- 
tion,  to  be  hereafter  described. 

(6.)  Two  distinct  processes  of  assay  are  now  followed :  the  first  consists  in 
the  employment  of  a  flux  of  carbonate  of  potash  or  carbonate  of  soda  aloue,  or 
the  mixture  of  carbonate  of  potash  and  charcoal,  known  as  black  flux ;  the 
second,  in  subjecting  the  ore  to  the  combined  agency  of  furnace- heat,  pieces 
of  iron,  and  either  carbonate  of  alkah,  black  flux,  or  1)orax.  The  first  scheme 
of  treatment  we  shall  not  further  describe,  as  its  indications  are  wholly  unre- 
liahle ;  the  second  process  is  conducted  as  follows : — Two  earthen  crucibles 
bemg  selected,  their  insides  are  smeared  with  black-leud,  and  a  few  clean  nails 
are  placed  head-downwards  in  each.  The  ore  to  be  tissayed  having  been  mixed 
with  its  own  weight  of  carbonate  of  soda,  is  tightly  pressed  down  about  the 
nailB ;  over  this  is  placed  a  layer  of  common  salt,  and  above  the  latter  an 
amount  of  borax,  equal  to  the  weight  of  the  lead  ore  to  be  acted  upon ;  the  whole 
is  placed  in  a  furnace,  and  heated  to  dull  redness  for  ten  minutes,  then  raised 
I  to  bright  redness  for  anotlier  ten  minutes.  The  crucible  (open  from  the  first, 
80  that  each  stage  of  the  operation  has  been  evident)  is  moved  from  the  fire 
when  the  fusion  is  noticed  to  be  complete,  and  tlie  nails  are  removed  by  a  pair 
of  crucible  tongs,  taking  care  that  during  this  removal  each  nail  is  well  bathed 
in  the  fused  mixture  of  borax  and  salt  floating  above.  The  crucible  is 
finally  to  be  smartly  struck  against  a  hard  body,  to  cause  the  lead  to  aggre- 
gate into  one  button,  the  whole  allowed  to  become  cold,  and  the  button 
weighed.  This  process  is  a  modification,  by  Mr.  Mitchell,  of  one  long 
employed  in  France. 

Goppes. — This  metal  is  not  so  widely  diffused  in  nature  as  either  iron  or 
lead. 

Copper  is  found  in  the  nncombined  state  (native  copper),  especially  in 
North  America,  where  it  occurs  in  enormous  masses :  in  various  sulphur 
combinations,  either  alone  or  more  frequently  united  witli  sidphurets  of  other 
metals,  as  iron  (purple  copper),  arsenic,  and  iron  (Tcnnantite) ;  with  silver ; 
with  arsenic,  iron,  silver,  and  antimony  in  copper  blendes;  with  tin  and 
iron  (tin  pyrites) ;  with  antimony,  silver,  iron,  and  zinc ;  with  antimony  and 
Bilver  (antimonial  gray  copper) ;  with  lead,  antimony,  and  iron  (Boumonite) ; 
with  silver,  iron,  and  ar8enic(  Gansekothigerz) ;  with  bismuth ;  with  that 
metal  in  lead,  nickel,  and  tellurium,  constituting  Siberian-needle  ore.  Com- 
bined with  oxygen,  it  exists  alone  or  combined  with  other  metallic  oxides, 
hydrated  and  non-hydrated  as  a  mixture,  or  compound  of  oxide  and  chloride 
of  copper  (atacamite) ;  and  finally,  in  the  condition  of  various  oxysalts,  such 
as  carbonates  (azurite  and  malachite) ;  with  arsenic  acid  and  water,  phos- 
phoric acid  and  water,  sulphuric  acid  and  water,  chromic  acid,  and  chromate 
of  lead ;  and  lastly,  siUcic  acid  and  water. 

The  sulphides  and  the  dinoxides  of  copper,  and  the  caTboiialc^ft  ol  eo^'^t,  \ 
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are,  however,  of  chief  importance,  regarded  as  mineralogical  soiiurcefl  of  this 
raluable  metal.  The  principal  copper-yielding  districts  are  Cornwall,  Deros, 
and  the  Isle  of  Anglesea,  in  Britain ;  Anstralia,  Chili,  North  Ameriksa,  Cuba, 
Siberia,  Norway,  and  Sweden.  Wales  is  the  great  emporimn  of  et^ppar- 
smelting,  more  than  half  the  total  amount  of  mannfieustiired  copper  in  the 
whole  world  being  produced  in  Wales.  The  copper  ores  there  smelted  admit 
of  division  in  the  following  categories : — 

I.  Copper  pyrites,  combined  with  iron  pyrites — ^the  yield  of  copper  being 
from  3  to  15  per  cent. 

II.  Similar  to  the  preceding,  but  richer,  the  yield  of  metal  Tarying  iSram 

1 5  to  25  per  cent.  I 

m.  Copper  pyrites,  comparatively  free  from  iron  or  other  injnriona  mix- 
tores,  and  mingled  with  a  variable  amount  of  copper  oxide.  The  yield  «f 
this  class  is  from  12  to  20  per  cent. 

IV.  Solphnrets  of  copper  and  oxides  of  copper,  mingled  with  qfnartar,  yield- 
ing from  25  to  45  per  cent. 

V.  Ores  almost  free  from  copper  pyrites,  but  rich  in  copper  oxide,  yieldii^ 
from  60  to  80  per  cent,  of  metal.  Minerals  of  this  rich  class  principally  come 
from  the  Chilian  mines. 

Chemical  Characterhtics  of  Copjier. 

Copper  in  solution  will  exist  as  a  salt  of  the  protoxide,  and  is  easily  re- 
cognizable by  chemical  tests. 

I.  A  piece  of  clean  iron,  if  iomiersed  in  a  solution  of  this  kind,  becomes 
speedily  coated  if  the  solution  be  not  too  dilute  witli  metallic  copper. 

n.  Ammonia  develops  a  blue  colour — either  a  precipitate  or  a  solatLon, 
according  to  the  amount  of  ammonia  added. 

UI.  Plydrosulphuric  acid,  and  hydrosulphato  of  ammonia,  throw  down  a 
thick  precipitate. 

IV.  Ferrocyanide  of  potassium  (prussiate  of  potash)  yields  a  characteristie 
brown  precipitate,  thus  distinguishing  copper  from  every  other  metal  except 
titanium,  uranium,  and  molybdenum. 

Quantitative  Estimation  of  Copper  in  the  Moist  Way, 

Copper  is  eitlier  estimated  {a)  in  the  metallic  state  thrown  down  by  ano- 
ther metal,  (b)  in  the  condition  of  protoxide,  or  (c)  oxysulphuret. 

(a.)  To  precipitate  copper  in  the  metallic  state,  iron  is  immersed,  when 
after  a  time  the  copper  is  thrown  down :  it  should  now  be  collected,  washed, 
dried,  and  weighed. 

(b.)  To  estimate  copper  as  protoxide,  it  must  have  been  previously  ascer- 
tained tliat  no  other  metal  is  in  solution ;  caustic  potash  being  then  added, 
and  the  whole  boiled,  the  oxide  is  then  thrown  down  in  the  aiiliydrous  oon> 
dition.  It  is  now  collected,  thoroughly  washed,  ignited  in  contact  with 
atmospheric  air,  and  weighed,  every  39*7  parts  corresponding  with  81*7  parts 
of  copper. 

(e.)  The  precipitation  of  eapper  in  the  state  of  oxysulphnret  has  a  very 
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fide  application,  being  applicable  not  merely  to  solutions  which  contain  no 
ithfiT  metal,  bat  to  solutions  in  which  any  metal,  save  iron  in  proto-state  of 
(ombination,  cobalt,  nickel,  mercury,  or  silver,  may  be  present.  The  process 
3  conducted  in  the  following  manner : — Assuming  an  acid  solution  to  have 
»een  made,  an  excess  of  anmionia  is  added,  by  which  treatment  all  the  oxide 
i  copper  is  first  precipitated ;  and,  subsequently,  on  the  addition  of  more 
immonia  dissolved;  giving  rise  to  the  usual  characteristic  blue  solution, 
he  colour  of  which,  as  will  be  seen,  is  an  essential  point  in  conducting  this 
istimation.  Solutions  of  sidphuret  of  sodium  being  poured  into  this  liquor 
rom  a  vessel  graduated  in  equal  divisions,  if  the  estimation  is  to  be  conducted 
rolometrically,  or  from  one  the  weight  of  which,  together  with  its  contents, 
las  been  noted,  if  the  estimation  is  to  be  conducted  by  weighing, — oxysul- 
>hnret  of  copper  is  at  once  precipitated.  By  taking  due  care,  the  point  may 
ye  exactly  determined  at  which  the  exact  necessary  quantity  of  sulphuret  of 
iodimn  has  been  added;  because  it  corresponds  with  the  total  disappearance 
Df  the  blue  colour  originally  presented  by  the  solution.  The  amount  of  copper 
now  present  may  be  calculated  by  ascertaining  the  amount  of  sulphuret  of 
sodium  used.  This  point  must  have  been  previously  ascertained  for  any 
fsolution  of  sulphuret  of  sodium,  by  a  previous  experiment ;  that  is  to  say,  a 
known  quantity  of  copper  having  been  dissolved,  the  amount  of  solution 
necessary  to  its  conversion  into  oxysulphuret  should  be  learned  by  actual 
trial.  In  this  way,  a  test-solution  of  sulphuret  of  sodium,  of  tried  and  known 
fstrength,  may  be  retained  in  bulk,  and  will  be  found  very  useful  in  conducting 
mineralogical  investigations  on  copper. 

The  presence  of  no  other  metal,  save  those  indicated,  will  interfere  with 
the  action  of  the  above  precipitating  agent ;  because  the  alkaline  sulphuret 
does  not  begin  to  act  until  aU  the  copper  has  been  precipitated ;  an  occurrence 
shown,  as  we  have  seen,  by  the  discoloration  of  the  original  solution. 
Silver,  as  we  have  already  indicated,  is  one  of  the  metals  which  prevents  the 
correct  action  of  sulphuret  of  sodium ;  but  if  a  littie  hydrochloric  acid  be 
added  to  the  original  solution,  any  silver  which  may  have  been  contained  in 
it  will  be  precipitated  in  the  state  of  chloride,  before  the  application  of  the 
copper  precipitant. 

Besides  the  foregoing  methods  of  copper  extraction,  which  are  most  gene- 
rally applicable,  and  therefore  the  most  useful  to  be  remembered,  there  are 
many  others  eligible  in  certain  cases.  Thus  it  is  well  known  that  the  metals 
iron,  cobalt,  nickel,  zinc,  manganese,  titanium,  chromium,  and  uranium,  are 
not  precipitated  by  sulphuretted  hydrogen,  from  solutions  in  which  an  excess 
of  hydrochloric  acid  exists.  Copper,  however,  is  thrown  down  as  sulphide 
under  these  conditions ;  whence  arises  an  easy  means  of  effecting  its  isolation. 

When  copper  exists  in  nitric  acid  solution,  together  with  cadmium ,  bismuth , 
and  lead,  it  may  be  separated  by  carbonate  of  ammonia,  which  only  dissolves 
the  copper.  In  a  similar  manner  may  copper  be  separated  from  alumina  and 
the  sesquiozides,  of  iron  and  of  chrome ;  but  this  procedure  is  not  so  reliable 
as  precipitation  of  the  copper  by  hydrosulphuric  acid.  The  best  method  of 
effecting  the  separation  of  copper  from  lead,  however,  depends  on  the  ^tt];\ai 
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sulphate  of  lead  is  a  yeiy  insoluble,  and  sulphate  of  copper  a  aolnbla  body ;  benee 
if  the  mixed  metals  be  dissolved  in  nitric  acid,  and  aolphvrie  maSi  be  aobse- 
quently  added  to  the  solution,  all  the  lead  desoenda  in  combhration  wUh  aal- 
phuric  acid,  as  sulphate  of  lead.  Instead  of  separating  this  pred^itata*  the 
whole  mixture  should  be  evaporated  to  dryness  until  no  more  free  wlpbiarie 
acid  remuns.  The  residue  being  now  moistened  by  nitric  add,  all  tfaeeopper 
will  be  taken  up  in  the  condition  of  nitrate,  and  may  be  now  thrown  down  or 
otherwise  estimated  by  one  of  the  processes  already  described.  All  the  lead 
will,  of  course,  remain  in  the  condition  of  sulphate  of  lead. 

The  separation  of  copper  from  tin  and  antimony  may  readi^  be  effected 
by  taking  adTantage  of  the  droumstanoe  that  the  two  latter  metals,  instead  of 
being  dissolved  by  treatment  witti  nitric  acid,  are  converted  into  compounds 
insoluble  in  that  menstruum  (stannic  and  antimonic  adds).  In  the  case  of 
antimony,  however,  the  indications  are  not  so  predse,  antzmonie  Rdd  being 
slightly  soluble  in  nitric  add.  A  better  plan  of  separating  copper  from  anti- 
mony consists  in  acting  upon  a  solution  of  the  two  metals  in  mtromnxiatie 
acid  by  ammonia,  and  then  pouring  in  an  excess  of  hydrosnlphate  of  ammomi, 
which  dissolves  the  sulphide  of  antimony,  but  throws  down  the  sulphide  d 
copper.  The  same  treatment  may  be  adopted  for  effecting  the  sepantftan  of 
copper  from  tin,  and  arsenic. 


Bttknation  of  the  Pretence  of  Copper  quaUuUivelff  hy  the  Blowpipe, 

Few  mineral  substances  admit  of  recognition  with  greater  ease,  or  eeriamt^, 
tlian  copper,  under  blowpipe  investigation.  This  fiadlity  depends  on  the 
ready  change  of  copper  into  the  condition  of  red  oxide — ^the  oxide  which  hat 
the  composition  of  63*4  of  copper  united  with  8  of  oxygen.  When  developed, 
this  oxide  tinges  borax  with  its  characteristic  colour, — ^whence  the  presenae 
of  copper  is  demonstrated. 

The  practical  determination  of  copper  by  the  blowpipe,  is  conducted  as 
follows : — ^A  loop  being  made  at  the  extremity  of  a  piece  of  small  plantinum  wire, 
is  moiBtened  by  water  or  ou  the  tongue,  and  dipped  into  some  powdered  borax, 
when  a  little  borax  wiU  be  taken  up.  The  borax  is  now  to  be  fused,  and 
whilst  yet  soft  is  to  be  dipped  into  some  of  the  powdered  mineral,  so  that  a 
little  may  adhere.  The  whole  is  now  to  be  fosed  again,  and  retained  in 
fusion  some  time ;  for  the  purpose  of  evolving  sulphur,  arsenic,  or  any  othar 
volatile  matter ;  the  presence  of  which  might  prejudice  the  subaeqnent  oper- 
ations. The  next  point  to  be  held  in  view,  is  the  reduction  of  any  cesser  which 
may  be  present,  to  the  state  of  red  oxide.  The  platinum  loop  and  ^b  contents 
should  therefore  be  acted  upon  by  the  reducing  flame.  If  the  eharactaiistic 
redness  of  the  oxide  of  copper  be  developed,  nothing  more  remaiiis  to  be 
done;  but  if  it  be  not,  the  aid  of  some  deoxidizing  material  must  be  sos^i 
A  very  small  partide  of  tin  is  usually  employed  fortius  purpose:  ifanyoeppar 
be  present,  the  combined  agency  of  the  tin  and  the  reducing 
brings  the  metal  to  the  condition  of  red  oxide. 


nrxxACE  BsriMATioM  or  coFpmm. 


07 


of  Copper  on  the  Small  Scale — The  Copper  Aemi^, 

Before  an  assay  of  copper  ore  can  be  satisfactorily  performed,  tlie  operator 
most  determine  the  nature  of  the  materials  associated  Avith  tlie  copper.  For 
practical  purposes,  copper  ores  arrange  themselves  in  three  classes : — 

I.  Ores  devoid  of  any  other  metal  (calcigenous  metal)  aavc  iron. 

n.  Ores  containing,  besides  iron,  sulphur  and  seleniimi,  cr  both ;  but  no 


m.  Ores  containing  sulphur  and  selenium,  or  both ;  together  with  arsenic, 
iron,  and  other  metals. 

Ditcrimination  of  tJie pretence  of  StilpJiur  and  Selenium. 

To  efieet  this  discrimination,  a  small  fragment  of  fbe  occ  may  be  heated 
cither  in  the  6pirit>lamp  flame,  or  the 
oTidating  blowpipe  flame,  supported 
in  either  case  on  an  iron  wire.  If 
lolphiir  be  present,  sulphurous  acid 
will  be  generated ;  recognizable,  most 
likely,  by  its  peculiar  odour  of  a 
burning  brimstone  match ;  selenium 
will  be  indicated  by  the  odour  of 
horseradish.  The  latter  constituent 
is,  however,  veiy  rare. 

Tnstead,  of  heatix^  the  fragment 
of  ore  as  described,  more  powerful 
indications  of  odorous  matter  will 
sometimes  result  from  heating  it  in  a  Fig.  so. 

^ass  tube,  open  at  both  ends,  and  held  over  a  spirit-kmp  flame,  as  re- 
presented in  Fig.  20. 

Di$erinU»atlon  of  the  preienoe  qf  Arsenic, 

The  peculiar  alliaceous  smell  developed  when  a  mineral  containing  arsenic 
is  heated  in  contact  with  deoxidizing  matter — such,  for  example,  as  char- 
cotl — ^we  have  already  (page  02)  pointed  out.  Nevertheless,  this  test  of  the 
presence  of  arsenic  is  not  always  satisfactory,  on  account  of  the  coincident 
generation  of  sulphurous  acid ;  the  strong  odour  of  which  masks  and  conceals 
the  odour  of  the  former. 

An  ingenious,  and  at  the  same  time  a  very  easy  metliod  of  discovering  the 
presence  of  arsenic,  consists  in  the  application  of  what  is  called  Marsh's  test, 
the  indications  of  which  depend  on  the  formation  and  the  subsequent  combus- 
tion of  arseniuretted  hydrogen  gas.  Many  different  forms  of  apparatus  have 
been  devised  for  the  performance  of  this  experiment.  The  following  has  the 
advantage  of  great  simplicity,  and,  if  properly  managed,  amply  serves  every 
nsafol  purpose  to  the  extent  of  mineralogical  requisition : — 

Having  procured  a  five  or  six-ounce  bottie,  attach  to  its  mouth  cl  i^Tto* 
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uibbh'b  test  or  absenic. 

rated  cork,  irith  n  piece  of  tobacco-pipe  Btem  attached  to  the 
repreaentuil  in  the  accompanying  diagraiu  (Fig.  21). 

First  pour  iiito  tlio  bottle  a  mixture  of  aulphurio  acid  and  water,  in  the 

proportinate  mtio  of  one  to  six.     Then  throw  in  a  teaspoonful  of  the  material 

^^^^^^  to   be    acted    on,   prerionslj  reduced  to 

^^^^KU^^^^^     powder;  and  agitate.    Next  add  some  frtg- 

^^^^^^^^EB^^^     ments  of  zinc ;  and  now  thmating  the  per- 

4^^^^f        m  forated  cork  into  the  mouth  of  the  bottle, 

^^^^  ■  let  tlie  apparatus  stand  until  the  opetalor 

B  feels  assured  that  the  dereloped  gaa  hu 

^^^»  expelled  all  the  atmospheric  air  originallT 

^^^^^  contained  in  the  bottle.     Were  this  admo- 

^H|^H  uition  not  attended  to,  there  would  resnlt 

^Hi^H  an  explosion — one,  Uowovor,  not  dangerooa. 

_j^^^^H|^H  The  operator  next  applies  flame  to  tlie 

,^^^tB/K^^^^^m  iaauing  gases,  and  holds  a  piece  of  irtiil* 

^S^^^^^^^^^^^^—  earthenware  (a  plate  or  saucer)  in  the  ban- 

yif.  11.  ing  jet.    If  orseiuc  be  present  in  the  ore.a 

black  circular  stain  will  be  prodnced  on 

0  saucer  or  plate.    Tliis  is  an  exceedingly  dehcate  test — far  more  delicate 

Uion  the  metnllurgixt  requires  :  it  may  even,  if  not  controlled,  lead  to  false 

conclusions,  owing  to  minute  traces  of  arsenic  sometimes  present  in  the  jnelil 

:.    All  error,  however,  from  tliat  source  may  be  avoided  by  preTiondy 

mining  the  zinc  by  a  separate  experiment :  every  part  of  the  instructioiis 

given  being  followed  except  the  addition  of  powdered  ore  to  the  other  ms- 

Ati'iy  nf  Copper  MineraJi  nf  Ihc  Firtt  a<m. 

A  portion  of  the  ore  having  been  reduced  to  powder  is  intimately  mixed 
witli  about  tlireo  or  three  and  a  half  times  its  weight  of  black  flux,  and  re- 
moved into  a  crucible  about  half  full.  The  crucible  thus  charged  is  next 
exposed  (open)  to  furnace-heat  until  the  whole  contents  have  been  melted, 
and  tlie  fluid  becomes  tranquil.  Tlie  crucible  is  now  exposed  for  about 
fifteen  minutes  to  the  highest  power  of  furnace  heat.  Finally  tlie  crucible  ia 
withdrawn,  gently  tapped  on  a  hard  surface  to  promote  aggregation  of  the 
reduced  copper  into  one  moss ;  the  latter  allowed  to  cool,  iiithdrawn  from  the 
crucible,  and  weighed. 

This  process  is  not  very  satisfactory  for  ores  which  contain  less  than 
10  per  cent,  of  copper.  Tlic  best  metliod  of  treating  pure  copper  ores  is  to 
subject  them  lo  a  preliminary  fusion  -n-ith  sulphur,  and  bring  them  into  the 
category  of  the  second  class,  now  t^i  be  described. 

Aiiai/  of  Copper  Mineralt  of  the  Second  CUui. 

The  first  operation  in  the  assay  is  roasting,  by  which  means  a  portion  of 
the  sulphur  is  driven  off  in  the  condition  of  sulphurous  acid ;  whilst  another 
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rtion  of  the  sulphur  being  converted  into  sulphuric  acid,  sulphate  of  oxide 
copper  is  generated ;  finally  the  latter  is  decomposed,  and  oxide  of  copper 
mains,  which  readily  yields  up  its  oxygen  when  heated  in  the  presence  of 
ick  flux,  and  cTolves  metallic  copper. 

The  roasting  operation  is  conducted  m  an  open  crucible  in  the  following 
by : — The  ore,  reduced  to  powder,  is  deposited  in  the  crucible,  and  the  latter 
iced  in  a  alanting  position  amidst  tlie  coke  of  an  air-furnace,  the  draught 
which  has  been  brought  by  damping  to  a  very  low  degree — for  it  is  cssen- 
1  that  the  copper  sulphurct  be  not  fused  at  this  early  stage  of  the  operation. 
I  course  the  roasting  ox)eration,  involving,  as  it  does,  free  contact  with 
mosphcric  air,  must  be  conducted  in  an  uncovered  crucible ;  and  the  operator, 
'  smelling  through  an  iron  or  earthenware  tube,  the  lower  extremity  of  which 
held  over  the  crucible  mouth,  should  assure  himself  from  time  to  time  as  to 
e  progress  of  sulphurous- acid  evolution.  Meanwliile  the  crucible  contents 
e  to  be  stirred  from  time  to  time  with  on  iron  rod,  in  order  to  bring  about 
mospheric  contact  witli  every  portion  of  the  ore.  When  the  smell  of  sul- 
luroos  acid  is  insignificant,  the  crucible,  fiom  dull  redness,  should  be  heated 
<  bright  redness,  and  the  heat  continued  until  sulphurous  acid  is  no  longer 
cpelled.  Finally,  the  crucible  is  to  be  heated  to  full  wliiteness  for  not  less 
lan  ten  minutes,  afterwards  removed  from  the  furnace,  and  its  contents 
srmitted  to  cool. 

The  smelting  operation,  properly  so  called,  now  begins;  it  consists 
L  mixing  the  roasted  ore  with  four  times  its  weight  of  black  flux,  under 
eath  a  layer  of  borax,  and  heating  in  a  fmiiacc  for  about  half  an  hour  to 
le  fusion-point  of  copper.  Finally,  the  crucible  is  to  be  removed  and 
3ntly  tapped  to  promote  metalHc  cohesion ;  then  eitlier  the  copper  may  be 
exterously  transferred  at  once  to  an  ingot  mould,  or  obtained  by  breiJdng 
le  cruciblo  when  cold. 


Assay  of  Copper  Minerals  of  tlie  Third  Class, 

The  assay  operation  for  tliese  ores  is  essentially  the  same  as  the  last, 
oly  the  process  of  roasting  is  more  difficult,  because  the  ore  is  more  fusible, 
he  temperature,  therefore,  at  which  the  roasting  is  fii'st  commenced  shoidd 
e  gentle,  and  only  increased  to  full  redness  after  tlie  cliief  portion  of  arsenic 
ad  sulphur  has  been  evolved.  Evolution  of  Uie  arsenic  may  be  greatly  pro- 
loted  by  adding  to  the  powdered  mineral  a  Uttle  powdered  charcoal  from 
me  to  time,  and  stirring  the  whole  well  togetlier.  When  the  operation  of 
casting  is  deemed  complete,  the  smelting  part  of  tlie  operation  proper  is 
ccompUshed  precisely  as  directed  for  minerals  of  the  second  class :  however, 
le  resulting  button  of  copper  will  always  be  contaminated  to  such  an  extent, 
lat  a  subsequent  process  of  refining  will  be  necessary.  Tliis  refining  oper 
tion  is  identical  with  cupcllatiou,  properly  so  called,  and  is  conducted  in  tlie 
allowing  manner ; — 

The  bead  of  copper  being  placed  on  a  little  cup  or  vessel  of  porous  bone- 
irth,  some  pure  lead  is  added,  and  tlie  wiiole  exposed  to  a  current  of  hi^hl^ 
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beKtcdnir.    The  lend  now  oiddkea — forms  litharge,  irhichhaa 

dissolving   other  metallic  oxideB,  and 
formiuj;  a  glass  or  slag,  which  sinks  into 
Die  pares  of  the  cnpel.    Iq  tha  present 
f  nse,  the  metal  whose  remoral  ia  umed 
itt  is  oraenic.     As  regards  the  oontn- 
1  for  effecting  cnpcllatioii  (in  Ail 
termed    refining),    the    operator 
requires  a  cupel — nsuaUy   hom&made, 
hy  means  of  pmvilcred  boiic-coilli,  ami  n  cupi:!  inonld  ;  also  a  little  perforated 

.,  Iccliiiiciilly  culled  n  viiffle,  nud  re- 
presented iu  the  accompanj'ing  dingramn 
(Figs.  Sa  and  S:!). 

Great  practice  is  required  in  pcrfonnint: 
onpcUation  with  odviuitEige.  even  whore  gold 
and  silver  are  coueerneil :  nlill  more  care  in 
requisite  in  eondnetiiig  the  opemtion  of 
copper  refilling. 

When  the  piinciples  on  which  the  cupell- 
ing operations  arebaRedarc  well  considered 
it  will  bo  ci'ident  that  a  nioliil  soiiiowhat  eft>i\ 
of  oxydntiou  Uhe  copper  nintit  incur  ftppio 
cinble  loss  when  anhjecli^d  to  cupelling  and 
that  allhongh  arsenic  end  tlie  other  impnn 
ties  mingled  wiOi  copper  orea  of  tlio  third 
class  be  the  substances  wliich  chiefly  disap- 
pear dnring  the  process  of  relinuig  by  eupel 
lation,  still  tlic  loss  of  copper  will  be  far  too 
considcrahlo  to  be  neglected.  It  is,  thercfon 
well  to  clieck  this  loM  by  a  second  cupelhng 
opcHition,  performed  on  n  head  of  pm-e  coppti 
equal  in  weight  to  thnt  of  llie  impure  copper 
to  eflcct  the  puriflcfltion  of  wliich,  the  re- 
lining  operation  is  applied.  ' '"  " 

TUi. — Tills  metal  exists  in  bnt  few  locahtiea.  hut  in  these  it  is  somewhat 
tibnndant.  The  cliief  tin  localities  are  Cornwall  mid  Devon ;  tile  East  Indies, 
Saxony,  and  llohcmia.  Stnnniferons  nnudis  found  in  Brittany;  but  tlie 
amount  is  ton  sinall  to  pay  for  extraction.  The  principal  ore  of  tin  is 
the  binoxide,  but  tiio  metal  also  occurs  in  comluimtiuu  with  aolphor  and 
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Perhaps  tlie  most  striking  characteristic  of  tin  when  operated  on  by  the 
moist  process,  is  its  iusolnhility  in  nitric  neid ;  which  body  at  onee  oxidizes 
it,  and  brings  it  to  tlio  condition  of  stannic  acid.  Nitric  acid  gives  rise  to  a 
parallel  result  when  caused  to  act  upon  antimony.     Hence  neither  Hn  nor 
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antiiBonj  admit  of  Bolation  in  nitrio  add ;  and  founded  on  this  circumstance 
ariaes  an  easy  means  of  separating  them  from  many  other  metals. 

Tin  BoltttionB  may  occur  in  two  different  states, — ^namely,  as  proto  or  per- 
comfainationB.  The  former  correspond  with  the  protoxide ;  they  ore  repre- 
sented by  the  protochloride  of  tin,  and  solutions  holding  the  protoxide.  The 
mmeralogist  has  seldom  the  necessity  to  concern  himself  with  the  minute 
efaaraeteiistics  of  these  solutions.  Having  once  determined  the  presence  of 
tin, — ^which  the  blowpipe  operation,  combined  with  the  relation  of  tin  to  nitric 
»ad^  win  generally  accomplish, — ^his  next  concern  is  to  estimate  its  amount ; 
to  this  end,  he  changes  the  tin  into  insoluble  stannic  acid,  washes,  ignites, 
weighs,  and  calculates  the  amount  of  tin.  Every  75  pails  of  stannic  acid  (per- 
oxide) correspond  with  59  of  tin. 

Usually  the  stannic  acid  from  which  the  quantity  of  tin  is  deduced,  is 
obtained  by  decomposing  sulphide  of  tin  by  treatment  \nih  nitric  acid,  as  will 
be  now  explained.  When  it  is  intended  to  throw  down  tin  as  a  sulphide 
frnn  a  solution,  a  proto-solution  of  tin  must  be  employed,  such  as  will  result 
from  the  solution  of  tin  in  hydrochloric  acid,  the  operation  being  performed 
in  a  AmIc  so  as  to  prevent  unnecessary  contact  with  atmospheric  air ;  otlier- 
wise  die  sohition  mi^t  be  partially  brought  to  the  state  of  per-combination. 
The  sohition,  moreover,  should  hold  a  considerable  excess  of  hydrochloric 
•eicL  A  eurrent  of  hydrosulphurio  acid  gas  is  now  to  be  transmitted  until 
die  Ikpdd  will  absorb  no  more.  The  operation  should  be  performed  in  a  flask ; 
and  iriieii  the  transmission  of  gas  is  complete,  the  flask,  being  closed,  sliould 
be  lenoved  to  and  allowed  to  remain  in  a  warm  place  (about  l4Xt  F.)  for 
•one  honrs.  Meantime,  the  sulphide  will  fall,  and  may  aften^ords  be  col- 
lected in  ft  filter,  and  carefully  washed.  The  sulphide  of  tin  is  next  to  be 
converted  into  stannio  add  or  binoxidc  of  tin,  by  pouring  warm  nitric  acid 
over  it  If  traces  of  any  other  metal  should  have  been  thrown  down  by  the 
hydnsolpliiuie  add  simultaneously  with  the  tin,  those  traces,  all  except 
tntimoiiy,  will  be  dissolved  by  the  nitric  acid.  The  stannic  acid  produced 
is  to  be  washed,  heated,  weighed,  and  tlie  amoimt  of  tin  i)re8eut  deduced 
firom  its  composition. 

Esiimation  of  the  preiCHce  of  Tm  qualitatively  by  the  Blovpipe. 

The  tin  mineral  under  examination  may  eitlier  be  in  tiie  condition  of 
peroxide,  or  snlphnret  (tin  pyrites)  respectively,  alone  or  mixed  with  other 
bodies.  If  tin  pyrites  be  heated  in  the  oxidating  flame  on  a  piece  of  char- 
coal, the  presence  of  snlphiur  is  indicated  by  the  evolution  of  sulphurous  add : 
the  further  reactions  are  due  to  tiie  peroxide  of  tin  generated.  Peroxide  of  tin 
becomes  highly  incandescent  when  subjected  to  the  oxidating  flame,  but  in 
other  respects  it  remains  unchanged :  when  removed  to  the  reducing  flame,  it 
loses  its  oxygen  and  leaves  metallic  tin. 

Peroxide  of  tin  and  borax  exposed  to  the  oxidating  flame,  yield  a  white 
opaque  g^ass  if  the  borax  be  saturated  with  oxide  ;  if  otherwise,  the  glass  will 
be  transparent.  The  fact  may  here  be  remembered  as  serving  to  fix  on  the 
recollection  a  blowpipe  indication  of  tiu,  tiiat  the  opaqne  whitA  ^Vaaa  ot 
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commerce  obtains  the  quality  of  opacity,  either  from  oxide  of  antimony,  or  of 

tin. 

Furnace  Estimation  of  Tin  on  the  Small  Scale — Hie  Tin  Auay. 

Notwithstanding  that  the  oxide  of  tin  is  completely  reduced  by  contact 
with  charcoal  at  a  red  heat,  the  highest  heat  capable  of  being  yielded  by  a 
wind  furnace  is  necessary  in  order  to  conduct  the  chemical  assay ;  and  e¥en 
then  the  process  of  reduction  is  unsatisfactory,  except  the  oxide  of  tin,  con- 
tained in  tin  ore,  have  been  previously  freed  from  much  of  the  silidous  and 
other  associated  matter,  wlierewith  it  is  naturally  mixed  or  in  combination. 
Tliis  may  be  effected  by  agencies  partly  chemical,  partly  mechanical,  as  the 
following  statement  will  explain. 

Preliminary  Operationi, 

The  tin  ore  havmg  been  carefully  pulverized,  is  mixed  with  a  litUe 
powdered  cliarcoal ;  afterwards  the  mixture  is  roasted ;  by  which  treatment 
much  or  all  of  the  iron  pyrites  in  combination  with  it  will  be  decomposed, 
and  the  fixed  residue  will  be  rendered  specifically  lighter  than  the  oxide  of 
tin  to  such  au  extent,  that  on  shaking  the  whole  together  with  water,  the 
former  may  be  separated  in  great  measure  by  decantation ;  leaving  the  real 
oxide  in  a  competent  state  of  concentration  for  the  real  smelting  process  to 
be  applied  with  advantage.  If,  however,  the  silicious  gangue  associated  with 
the  ore  be  inconsiderable,  and  iron  pyrites  be  the  chief  associated  body,  a 
moist  preliminary  treatment  may  be  advantageously  applied.  The  powdered 
ore  being  boiled  with  nitro  muriatic  acid,  holding  nitric  acid  in  excess,  the 
pyrites  will  be  decomposed  and  dissolved,  whilst  the  oxide  of  tin  present 
remains  untouched.  The  latter  may  then  be  collected  on  a  filter,  and  sub- 
jected to  the  smelting  operation,  after  preliminary  calcination,  to  effect  the 
evolution  of  any  traces  of  sulphur  which  the  process  of  solution  may  have 
caused  to  be  present. 

The  Assay  Proper, 

The  high  temperature  required  for  the  reduction  of  native  tin  oxide  has 
already  been  mentioned.  The  operation  should  always  be  conducted  in  a 
charcoal-lined  crucible,  and  the  ore  should  be  mixed  with  about  half  its  weight 
of  a  flux,  composed  of  carbonate  of  soda  and  borax  in  equal  portions,  or  else 
a  flux  composed  of  three  parts  of  carbonate  of  soda  to  one  of  lime. 

Zinc. — Since  tlie  discovery  was  made  that  zinc  at  a  certain  temperature 
can  be  rolled  into  sheets,  it  has  been  applied  to  a  variety  of  uses,  more  espe- 
cially those  for  which  tin  plates  had  been  hitherto  employed.  The  only 
minerals  from  which  zinc  can  be  extracted  remuneratively  are  calamine 
(carbonate  of  zinc)  and  sulphide  of  zinc  (zinc  blende) :  the  former  is  of  greater 
importance.  The  principal  localities  wherein  calamine  is  found  are  Tar- 
nowitz  in  Silesia,  the  mines  of  Vieille,  and  Nouvelle  Montaigne  near  Aix-la- 
Chapelle.  England  yields  a  limited  quantity,  but  our  mineral  stores  of  zinc 
blende  arc  considerable. 
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Chemical  Characteristict  of  Zinc, 

The  most  strikiiig  chemical  characteristic  of  zinc  treated  by  the  moist 
process  is  the  white  sulphide  it  jields  when  thrown  down  by  hydrosulphuiic 
ftdd,  being  the  only  calcigenous  metal  which  has  this  property.  Manganese 
yields  no  precipitate  with  hydrosulphuric  acid ;  though  with  hydrosulphate 
of  ammonia  the  precipitate  it  gives  is  almost  white.  Zinc  is  precipitated  white 
both  by  hydrosulphniic  acid  and  hydrosulphate  of  ammonia. 

Zinc  is  usually  subjected  to  quantitative  estimation  by  the  moist  process 
by  tibrowing  it  down  as  carbonate ;  changing  the  carbonate  to  zinc  oxide 
(Ukere  is  but  one  oxide  of  zinc),  and  calculating  from  the  latter  the  actual 
amount  of  zinc  present. 

Occasionally,  instead  of  precipitating  zinc  as  carbonate  at  once,  it  is 
thrown  down  by  hydrosulphuric  acid,  or  hydrosulphate  of  ammonia,  as  sul- 
phide of  zinc,  the  latter  dissolved  in  hydrochloric  acid ;  to  which  solution 
carbonate  of  soda  being  added,  the  zinc  is  now  thrown  down  in  the  form  of 
carbonate. 

EtUmation  of  the  presence  of  Zinc  qualitatively  by  the  Blowpipe, 

K  a  thin  piece  of  metallic  zinc  be  held  in  the  flame  of  a  candle  or  a  spirit- 
lamp,  it  bums  and  is  converted  into  a  white  flocculent  oxide,  to  which  the 
older  chemists  applied  the  term  **  lana  philosophical  or  philosopher's  wool. 
Indications  of  this  sort  of  change  are  afforded  imdcr  blowpipe  treatment,  and 
are  amongst  the  most  valuable  signs  that  instrument  is  capable  of  giving  as 
regards  the  presence  of  zinc. 

A  fragment  of  zinc  mineral,  if  heated  on  a  piece  of  charcoal  in  the  oxidat- 
ing part  of  the  blowpipe-flame,  fuses  into  a  bead,  which  appears  yellow  when 
hot,  becoming  more  or  less  white  in  cooling.  Changing  the  position  of  the 
assay  by  removal  to  the  reducing-flame,  the  zinc  is  first  brought  to  the  me- 
talHc  state,  which  immediately  oxidizing,  the  oxide  bums  and  is  deposited 
over  the  charcoal  in  small  flakes,  constituting  a  deposition  of  the  "  lana  philo- 
iophiea**  already  adverted  to. 

« 

Furnace  Estimation  of  Zinc  on  the  Small  Scale — The  Zinc  Assay. 

The  igneous  metallurgy  of  the  metal  zinc  on  the  large  scale  is  no  less  easy, 
than  the  same  on  the  small  scale  (assaying)  is  difficult  and  imsatisfactory. 
The  facility  in  the  former  and  the  difficulty  in  the  latter  case,  are  deter- 
mined by  the  solubility  of  zinc,  which  prevents  its  being  drained  like  other 
metals  in  the  condition  of  a  button.  It  must  either  be  distilled  or  collected, 
and  its  amount  estimated ;  or  the  quantity  of  zinc  present  in  an  ore  must  bo 
thrown  off  by  violent  heat,  without  subsequent  condensation,  and  the  quantity 
present  estimated  by  the  loss  experienced.  To  Berthier  we  are  especially 
indebted  for  the  best  information  we  possess  concerning  tiie  igneous  estima- 
tion of  zinc  on  the  small  scale.  ELis  division  of  the  subject  is  that  conse- 
quently which  we  shaU  adopt  in  our  outline  of  the  subject. 
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13ert]iier  divides  all  zinc  ores  capable  of  being  dealt  with,  bj  the  prooeBS 
of  igneous  assay,  into  four  classes : — 

1.  Zinc  ores  oontaining  oxide  of  zinc  nncomhinad  ffiHk  attdo  Mid. 

2.  Thoee  oontaining  oxide  of  zinc  partiallj  or  whdXfy  fiomtinfli.  vitib 
silicic  acid. 

3.  Those  in  which  the  metal  is  whollj  or  partuUj  oombinod  witb  ilplmr. 

4.  Combinations  of  zinc  with  other  metals  (zinc  alloys). 

(1.)  The  reduction  of  ores  of  the  first  class  is  Tery  easy ;  the  ooaly  prae- 
tical  difficulty  consists  in  collecting  and  esbmating  the  metal  evolTed.  loas- 
much  as  oxide  of  zinc  readily  loses  its  oxygen  when  heated  in  eontaefc  with 
deoxidizing  bodies  (coal,  coke,  charcoal,  hydrogen,  carbonic  oxide,  or  ear* 
burcttcd  hydrogen),  all  that  has  to  be  done  consists  in  so  aixaiigiiig  the 
apparatus  that  the  oxide  of  zinc  may  come  into  contact  with  otfaer  of  the 
preceding  at  a  suitable  temperature :  red  heat  is  sufficient  ibr  the  smm 
accomplishment  of  i*eduction,  but  full  white  heat  is  necessary  to  efibot  the 
subsequent  distillation  or  evolution  of  the  yaporous  zinc.  The  best  sppa» 
ratus  for  conducting  tlie  operation  is  an  earthenware  retort,  mad^  of  hi^ily 
refractory  materials,  and  haA-ing  a  long  neck ;  or,  what  is  still  better,  a  clay 
retort  the  neck  of  which  is  short, — the  tubular  length  necessary  to  promote 
perfect  condensation  being  given  by  luting  in  a  porcelain  tube.  Nothing  can 
be  more  simple  in  theory  than  the  process  here  described ;  it  is,  nevertheless, 
attended  with  particidar  difficulties,  the  nature  of  which  will  be  obvious,  when 
they  arc  once  stated.  Firstly,  it  is  not  an  easy  matter  to  evolve  eveiy  trace 
of  zinc  in  the  vaporous  form  :  hence  an  error  proportionate  with  the  amount 
remaining  will  be  the  consequence ; — secondly,  the  vaporous  zinc  which  U  is 
the  object  of  the  assayer  to  condense  in  the  metallic  form,  is  partially  con- 
verted into  oxide ; — and  lastly,  the  crust  of  zinc  deposited  cm  the  latter  can- 
not always  be  readily  detached  :  much  of  the  latter  difficidty  may  be,  never- 
less,  obviated,  by  smearing  the  interior  of  the  tube  with  plumbago,  so  as  to 
impart  a  highly  polished  surface.  Still,  despite  aU  precautions,  a  variahle 
proportion  of  zinc  will  remain  so  distinctly  attached  to  the  tube,  that  all  endea- 
vours to  effect  its  removal  by  mechanical  force  will  be  fruitless.  It  must, 
therefore,  be  dissolved  by  nitric  acid,  which  will  generate  nitrate  of  oxide  of 
zinc,  which  being  evaporated  to  dryness  and  calcined,  anhydrous  oxide  of 
zinc  will  be  the  result :  four-fifths  of  which  by  weight  will  be  equivalent  to 
the  amount  of  metallic  zinc  represented  by  the  oxide ;  and  if  added  to  the 
figure  representing  the  amount  of  metallic  zinc  attached,  the  whole  qoantitj 
of  that  metal  distilled  over  will  be  indicated. 

Inasmuch  as  the  preceding  operation  necessitates  the  employment  of  a 
retort  (a  very  inconvenient  form  of  instrument),  some  operators  prefix  a 
crucible,  taking  no  heed  of  preserving  by  condensation  the  zinc  winch 
escapes,  but  merely  raising  the  furnace  temperature  to  such  a  grade  that  aU 
the  zinc  shall  be  evolved  and  dissipated  in  the  furnace. 

For  this  operation  a  charcoal-lined  crucible  is  required,  precisely  snmlar 
to  that  already  described  as  being  employed  in  performing  the  iron  assay; 
and  Uie  heat  is  pushed  almost  to  ^e  highest  degree  capable  of  being  yielded 
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bj  m  pawMfal  air-fdmaoe.  The  best  flnx  to  be  employed  in  cuuductiug  tliis 
openitkn  is  a  mixture  of  blaek  flux  and  borax.  Supposing  this  operation  to 
ittve  baan  performed,  the  fixed  materialB  remaining  in  the  crucible  will  be  a 
Mixture  of  alag  and  reduced  fixed  metal,  iron — always  present  in  zinc  ore. 
Now  die  iron  was  originallj  preaent  in  the  form  of  oxide  of  iron ;  therefore 
oo^gen  will  have  been  erolyed  in  the  state  of  carbonic  oxide  or  carbonic  acid. 
The  operator  now  proceeds  to  get  the  iron  out  of  the  slag,  which  ho 
teeonqdifllies  by  pounding  the  mass,  and  abstracting  the  ii'on  by  a  bar- 
magnet.  Of  course  the  non-attracted  portion  of  the  fixed  matter  is  the 
tmount  of  slag;  and  representing  the  quantity  of  oxide  of  zinc  originally 
present  by  Z,  the  weight  of  iron,  of  alag,  of  oxide  of  zinc  (Z),  and  oxygen 
of  the  oxide  of  iren,  added  together,  will  give  the  original  weight  of  the  ore. 
In  point  of  fiust,  these  data  give  all  the  infonnatiou  the  assayer  requires,  by 
Am  operation  of  obyious  algebraical  equation  formuhe,  Uie  elements  of  which 
ksme  been  summazized  by  Berthier  as  follows : — 
that 

W  :=  crude  ore  =:  ealcincd  ditto  =  ta 
t  =  fixed  flttzot  added  .    .    .  =  ^ 


If +  r 
Gross  metal 
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Flux  added,  t 
Earthy  matters,  t  —  i, 

(2).  Silicic  acid,  obyiouidy,  is  not  affected  by  carbon  alone :  hence  ores  of 
zinc,  combined  with  silicic  acid,  require  to  be  txeatcd  by  a  mixture  of  carbon 
and  a  flnx.  Lime  or  magnesia,  with  or  without  borax,  may  be  conveuicntly 
employed  for  this  purpose ;  otherwise  the  steps  of  the  smelting  operation  are 
precisely  similar  to  those  already  indicated  as  adopted  for  minerals  of  the 
first  class. 

(3).  Zinc  ores  of  this  class — i.e.  ores  which  contain  sulphui' — require  to 
be  subjected  to  a  preliminary  operation  of  reasting,  for  the  purpose  of  con- 
verting the  sulphur  into  sulphurous  acid,  before  the  final  operation  of  distil- 
lation or  of  vaporous  dissipation  from  a  chareoal-liued  crucible  can  be 
efficiently  applied ;  otherwise,  the  remaining  steps  of  the  smelting  operation 
are  precisely  as  before  indicated. 

The  difficulties  and  imperfections  attendant  upon  the  correct  esti 
mation  of  zinc  as  an  ore  by  either  of  the  processes  of  dry  assay,  should 
detomine  the  operator  to  have  recourse,  whenever  practicable,  to  some 
Ysriety  of  the  moist  process.  In  addition  to  the  chemical  means  of  zinc 
already  described,  we  may  here  mention  that  the  non-metallic  constituents 
of  carbonate  of  zinc  (calamine)  and  sulphide  of  zinc  (zinc  blende)  may 
be  readily  determined  by  any  chemical  operation.  The  non-metaUic  con- 
stituents of  the  former,  the  proportions  of  which  it  is  desired  to  estimate,  are 
water  and  earbonio  aeid.  The  quantity  of  water  may  be  determined  by 
strongly  heating  some  powdered  calamine  in  a  glass  tube,  connec^ftdLm^k 
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another  tube  holding  fused  chloride  of  calcium.  All  the  water  evolved  must 
pass  through  the  latter,  which  will  absorb  it,  and  derive  a  proportioiiate  in- 
crease of  weight ;  by  weighing  the  chloride  of  calcium  tube  and  its  contenii 
before  and  after  the  operation,  it  is  evident  the  quantity  of  water  evolved 
wiU  be  determined.  The  total  amount  of  carbonic  acid  and  water  contaiiied 
in  any  specimen  of  calcium  can  be  determined  by  strongly  heating  a  portiaa 
of  the  ore  in  a  platinum  crucible,  when  both  water  and  carbonic  acid  wiD  be 
driven  off.  Finally,  the  amount  of  silicic  acid  may  be  determined  with  suffi- 
cient practical  accuracy  by  treating  a  portion  of  the  powdered  ore  with 
hydrocliloric  acid,  and  regarding  the  portion  remaining  undissolved  as  silido 
acid ;  and  ammonia  being  added  to  the  solution,  the  whole  of  the  oxide  of 
zinc  may  be  precipitated. 

If  it  be  wished  to  ascertain  by  the  moist  process  how  much  sulphur  it 
contained  in  a  given  portion  of  sulphide  of  zinc  (zinc  blende),  this  determina- 
tion admits  of  being  rcadUy  made  by  solution  in  nitro-muriatic  add  (aqm 
rcgia)  with  heat :  when  all  the  sulphur  will  be  converted  into  sulphurio  add, 
and  may  be  precipitated  in  the  ordinary  maimer  with  a  salt  of  bar^'ta ;  whilst 
from  anotlicr  portion  of  solution  similarly  affected,  the  total  amount  of  zine 
present  may  be  discovered  by  precipitation  with  ammonia  or  oxide  of  zinc 

Antimony. — Tliis  metal  is  occasionally  found  native  in  Sweden,  France, 
and  Genniuiy,  tliough  the  occurrence  is  rare  :  autimonial  ores  are  alone  of 
commercial  importance  in  furnishing  our  sources  of  the  metal. 

Oxitle  of  Antimony, 

Tliis  is  a  somewhat  rare  mineral,  occurring  in  Hungary,  Saxony,  and  some 
other  localities.  It  is  of  little  im]>ortance,  however,  considered  as  a  souroe 
from  which  antimony  is  obtained  commercially.  The  only  antimonial  minenl 
having  commercial  importance  to  any  considerable  extent,  is  the  ore  next  to 
come  imder  consideration. 

Sulphuret  or  Sulphide  of  Antimony, 

The  chief  localities  where  tliis  mineral  is  found  are  Hungary,  Stolbeig 
in  the  Hartz,  Auvergne,  Daupliiny,  Spain,  Cornwall,  and  tlie  Island  of  Borneo. 
In  composition  it  is  a  tersulpliide  of  the  metal,  being  a  composition,  therefore, 
of  three  equivalents  of  sulphur  plus  one  of  antimony. 

Chemical  Charact^istics  of  Antimony, 

Antimony  is  a  brittle  brilliant  metal  of  silvery  whiteness  :  its  density  is 
about  G-8,  and  its  fusing  point  about  848"  F.  It  crystallizes  when  slowly 
cooled  ill  forms  belonging  to  the  rhombohedral  system.  This  metal  does  not 
readily  become  oxidized  when  exposed  cold  to  air,  even  though  the  air  be 
moist,  but  it  readily  oxidizes  if  left  uncovered  at  the  temperature  of  fusion. 
Like  arsenic,  but  to  a  less  considerable  extent,  antimony  forms  a  gaseous 
combination  mtli  hydrogen  ;  and  if  strongly  heated  in  a  current  of  air  or  any 
gas,  it  undergoes  a  sort  of  distillation.  Antimony  is  not  dissolved  when  acted 
on  by  sulphuric  acid  and  water— nor  even  by  strong  sulphuric  acid,  except 
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best  be  applied,  when  the  add  is  decomposed  with  tlie  evolution  of  sulphurous 
idd  gas.  Finely-powdered  antimony  is  dissolved  by  hydrochloric  acid,  witli 
the  evohition  of  hydrogen  gas ;  and  nitro-muriatic  acid  dissolves  it  with  still 
sppeaier  facility,  provided  nitric  acid  be  not  in  excess.  The  action  of  nitric 
icid  on  antimony  is  peculiar,  and  has  already  been  adverted  to.  It  at  once 
mdizea  the  metal,  converting  it  into  a  white  powder,  antimonic  acid.  Tin  and 
antimony,  treated  with  nitric  acid,  both  generate  a  white  insoluble  powder. 

If,  however,  the  problem  be  that  of  determining  the  presence  of  antimony 
already  in  solution,  hydrosulphuric  acid  or  hydrosulphate  of  ammonia  affords 
not  only  a  ready  means  of  quahtative  discrimination,  but  a  means  of  throwing 
down  all  the  antimony,  preparatory  to  obtaining  it  in  the  metaUic  form. 
The  sulphide  or  sulphuret  of  antimony  thrown  down  has  a  well-marked 
orange  colour,  and  can  scarcely  be  mistaken  for  any  otlier  sulphide.  It  is 
true  that  arsenic,  cadmium,  and  tin,  in  the  state  of  percombination,  all  yield 
yellow  precipitates  when  either  hydrosulphuric  acid  or  hydrosulphate  of  am- 
monia is  added  to  these  solutions ;  but  the  colour  is  so  far  distinct  from  the 
deep  orange  tint  of  sulphide  of  antimony,  that  a  practised  eye  will  not  be 
misled.  When  the  sulphide  of  antimony  has  been  thrown  down  in  the 
course  of  experiment,  and  the  operator  wishes  to  reduce  it  to  the  condition 
of  metallic  antimony,  this  is  best  accomplished  by  placing  it  dry  in  a  tube  of 
Bohemian  glass,  about  eight  inches  long  and  half-an-inch  diameter ;  trans 
mitting  hydrogen  gas  over  it,  and  simultaneously  applying  the  heat  of  a 
spirit-lamp  flame.  Thus  treated,  the  sulphur  of  the  sulpliide  unites  witli 
hydrogen  to  form  hydrosulphuric  add  gas,  which  passes  over ;  and  metallic 
antimony  is  left  in  a  pulverulent  state.  It  may  be  readily  withdrawn  from 
the  tube,  and  its  quantity  estimated  by  weighing.  The  process  here  described 
is  not  chemically  unexceptionable ;  inasmuch  as  minute  traces  of  the  antimony 
may  unite  with  hydrogen,  and  pass  over  as  antimoniuretted  hydrogen  gas. 
The  objection,  however,  is  too  slight  to  affect  mineralogical  results.  A  ready 
method  is  available  for  determining  the  instant  at  which  the  transmission  of 
hydrogen  has  been  sufficiently  prolonged,  by  holding  from  time  to  time  a 
BHp  of  paper,  moistened  with  acetate  of  lead  solution,  near  the  open  extremity 
of  the  Bohemian  glass  tube.  So  long  as  the  decomposition  of  sulphide  of 
antimony  is  going  on,  hydrosulphuric  acid  will  be  evolved ;  and  this,  as  is 
w^  known,  has  the  property  of  blacking  a  salt  of  lead.  When,  however, 
the  decomposition  of  the  sulphide  of  antimony  is  complete,  hydrosulphuric 
add  is  no  longer  generated ;  whence  it  follows  that  the  lead  test-paper  will 
no  longer  be  affected  with  blackness. 

Blowpipe  indications  of  Antimony. 

Whether  the  antunonial  ore  subjected  to  examination  bo  oxide  or  sulphide, 
the  final  indications  of  the  presence  of  the  metal  will  be  similar,  and  will 
depend  upon  the  former.  Oxide  of  antimony,  is  a  rare  mineral,  as  we  have 
already  indicated :  it  will  rarely,  therefore,  come  imder  mineralogical  notice  as 
an  ore.  .  Oxide  of  antimony— otherwise  called  antimonic  acid — ^will  frequently 
oecnr  as  the  result  of  the  action  of  nitric  acid  on  antimonial  compounds.    Let 
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US  assume  that  a  certain  mineral,  whan  digeatod  with  niftrie  afOid* 
dissolve,  but  yields  a  white  powder :  the  kiter  will  be  mAme  an  oxide  «f  aufi- 
mony  or  of  tin.  It  may  be  readily  detenninad  to  be  the  odida  of  antoMmy  by 
the  following  blowpipe  reactions.  Heated  on  ohaxGoal  in  the  ftrirtathig  flane, 
it  simply  evaporates,  to  be  deposited  a  littto  way  off  on  the  aama  piaea  of 
charcoal  unchanged.  If  heated,  however,  in  the  reducing  flame,  ift  loses 
oxygen,  and  the  metallic  antimony  set  free  sublimes:  a  portion  ef  it 
uniting  with  oxygen  is  again  deposited  as  white  oxide ;  but  the  greater  portion 
is  altc^ther  dissipated.  If,  instead  of  heating  it  unmixed,  it  be  ineoxpotated 
with  carbonate  of  soda,  and  exposed  to  the  redufling  flama,a  bead  of  antinio^y 
is  speedily  formed. 

To  tlicse  means  of  discrimination,  the  effects  of  blowpipe  frfiatmfflit,  in  cgb- 
junction  with  borax  as  a  flux,  may  be  added.  Heated  in  the  nsnal  BMOMr 
with  borax  in  a  platinum  loop  in  the  oxidating  flame,  a  clear  yellow  f^asi 
results,  which,  if  removed  to  the  oxidizing  fliune,  soon  beeomea  gniy  or 
blackish,  owing  to  the  reduction  of  oxide  of  antimony,  and  the  liberation  of 
the  metal.  If,  however,  the  reducing  flame  be  continuously  appliad»the  f^asi 
becomes  colourless,  simply  on  account  of  the  total  volatiliKation  of  the 
antimony. 

QualitatiiM  eiHmatum  of  Antwumy  by  the  Dry  Proett$    TheAnUmony  Amay. 

The  reduction  of  antimony,  whether  from  the  condition  of  oxide  or  nl* 
phide,  is  very  easy ;  but  on  account  of  the  volatility  of  tlie  resulting  metri, 
care  is  requisite  lest  errors  creep  in  from  this  cause.  If  the  problem  be  io 
determine  the  amount  of  antimony  present  in  an  oxide  of  antimony,  the  xedao- 
tion  is  easily  eflccted  by  the  process  of  heating  with  charcoal ;  but  perhaps 
the  best  means  of  performing  the  operation  consists  in  using  a  crucible  fined 
with  charcoal,  as  employed  in  the  process  of  iron  and  zinc  assaying :  but  if 
the  reduction  of  sulphide  of  antimony  be  in  question,  the  mere  aid  of  ^a^ 
coal  is  not  enough.  In  this  case  there  are  two  processes  which  may  be 
recommended,  either  (a)  fusion  with  a  mixture  of  carbonate  of  soda,  iron,  and 
charcoal,  or  (h)  with  cyanide  of  potassium. 

(a.)  Sulphide  of  antimony  may  be  effectually  decomposed  by  fusion  with  iron 
alone  ;  but  the  process  cannot  be  recommended,  because  the  specific  gravities 
of  sulphide  of  iron  generated,  and  the  metallic  antimony  reduced,  are  so  neady 
identical  that  the  t^*o  do  not  well  separate,  except  the  process  of  fusioai  be  so, 
long  continued  that  portions  of  the  antimony  will  be  lost  by  volatilization. 
Every  1 00  parts  of  sulphide  of  antimony  require  about  42  parts  iron  filii^ 
45  of  carbonate  of  soda,  and  5  of  chorcoaL  Instead  of  iron  filings,  iron  nidk 
are  sometimes  used,  tliough  perhaps  with  no  advantage.  Considering  the 
great  volatility  of  the  metal  antimony,  we  ore  disposed  to  believe  that  the 
process  of  reduction  {h)  by  cyanide  of  potassium,  aa  recommended  1^  Mr. 
Mitchell,  is  superior  to  all  others  in  the  dry  way.  A  mixture  of  four  parts 
cyanide  of  potassium,  and  one  part  sulphide  of  antimony,  being  xntfaBoMy 
mixed  and  heated  in  a  porcelain  crucible,  rednotion  almost  immediately  easBes. 
The  heat  of  a  spirit-lamp  flame,  or  of  a  few  ignited  pieces  of  charcoal,  ia  aaff- 
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cient  to  promote  tlie  reductioii.  The  low  degree  of  heat  required  is,  in  point 
of  &et,  the  greatest  recommendation  of  tlie  process.  It  will  be  noticed  that 
in  onr  Btetsment  of  the  means  had  recourse  to  for  estimating  the  quantity  of 
antuBOBj  pieaent  in  an  oxy-disnlphidc  by  the  dry  process,  nothing  has  been 
mid  about  the  operatiaii  of  roasting,  so  usually  employed  as  the  preliminary 
to  the  opendion  of  meUing,  pn^rly  so  called,  when  metallic  sulphides  are  in 
qneatioii.  By  some  operators  the  roasting  of  antimonial  sulphide  is  advised : 
bat  thia  pioeess  eannot  bft  recommended,  seeing  tliat  the  process  of  reduction 
is  not  difficult  even  without  the  preliminary  process  of  roasting;  and  tliat 
^en  dealing  with  so  volatile  a  metal  as  antimony,  every  process  invohdng 
the  lose  of  a  portion  should  be  avoided,  except  it  be  an  actual  necessity. 

SIflBMrth. — Bismuth  is  a  brittle  white  metal,  presenting  a  distinct  trace  of 
redneaB,  by  which  it  is  distmguished  from  zinc.  Perhaps  no  metal  sp  readily  as 
lasmuth  assumes  the  er3rstaDine  state.  If  some  of  it  bo  melted  in  a  crucible, 
or  ladle,  and  allowed  to  cool  partially  until  a  thin  crust  of  consolidated  metal 
eoma  the  auxfiioe ;  and  if  now  this  crust  be  pierced,  and  the  crucible  or  ladle 
inrerted  so  that  the  bismuth  which  still  remains  fluid  may  escape ;  the  central 
cavity,  when  evened  by  a  chisel,  will  be  found  to  present  a  congeries  of  beautiful 
cxyitela  belonging  to  the  rhombohedral  s^'stem,  and  the  edges  and  solid  angles 
of  iriiich  are  exceedingly  sharp  and  well  defined.  Owing  to  this  crystalline 
tendency  it  is  that  bismuth  is  useful  as  an  element  of  certain  alloys  used  to 
leoeive  and  to  impart  weU-defined  impressions;  for  example,  the  alloy  of 
which  latter  type  and  stereotype  plates  are  composed.  It  also  is  a  consti- 
taent  of  the  solder  by  which  articles  of  pewter  are  joined,  and  it  enters  into 
the  mUayn  termed  fu^le  metals ;  the  fusibility  of  some  of  them  is  so  low  that 
th^  liquefy  by  the  heat  of  boiling  water,  and  can  be  retained  in  the  molten 
onnditinm  in  a  piece  of  pi^Mr  held  over  a  candle.  The  geological  localities  of 
lismnth  are  few  and  oiroumscribed ;  nearly  all  the  bismuth  of  commerce 
being  deceived  from  the  mines' of  Schneeberg  in  Saxony.  The  ore  of  these 
mines  is  bismuth  in  the  native  or  metallic  state, — ^which  condition,  added  to  the 
low  fruifaility  of  the  metal,  renders  the  process  of  bismuth-smelting  on  the 
kige  scale  more  simple  tlian  the  operation  of  smelting  any  other  ore.  The 
mere  applioation  ef  heat  is  required  without  the  admixture  of  any  flux ;  and 
the  process  is  efficiently  conducted  in  cast-iron  cylindrical  retorts. 

Nevertheless,  the  bismuth  thus  immediately  produced  is  not  quite  pure ;  it 
is  eontaminated  with  arsenic,  iron,  and  traces  of  oilier  metals,  from  all  of 
iriiich  it  may,  however,  be  separated  by  fusion  with  a  little  nitre. 

NativB  l^amuth  occurs  in  octohedrons  (rhombic)  belonging  to  tlie  rhombo- 
hedral system.  The  peculiar  reddish-white  colour  of  tliesc  ciystals  is  a 
striking  mineralogical  feature.  Native  bismuth  is  usually  found  in  combino- 
tioii  with  ores  of  silver,  zino,  lead,  cobalt,  and  nickel. 

Although  native  bismuth  is  the  only  commercial  source  of  tlie  metal,  there 
also  hrown  sulphide  of  bismuth ;  silicate  of  bismuth ;  a  mixed  sulphide  of 
,  eopper,  said  Isad,  constituting  the  ore  known  as  acicular  bismuth  ; 
iBtcadjmifte,  a  eomponnd  of  t^ll^f^"*"  and  bismuth ;  native  oxide,  and  native 
carbonate  of  bismuth. 
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called  the  wallst  the  top  being  the  hanging-waUt  or  sod;  while  the  bottom  of 
the  bed  is  ihe  foot-waU,  or  floor  of  the  bed. 

Local  dislocations  and  misplacements  of  strata  are  often  fonnd,  which  are 
here  and  there  interrupted  by  Assures  which  have  been  filled  np  by  minenl 
deposits.  These  fissures  run  across  all  the  strata  of  the  formations,  inte^ 
cepting  the  lodes  nearly  at  right  angles.  They  are  rarely  metalliferons ;  or 
if  they  contain  mineral,  it  is  rarely  of  the  same  kind  as  those  occurring  in  the 
other  lodes.  These  interceptions  frequently  produce  faults  or  iUdet, — ^tenns 
applied  to  the  rock  which  fills  the  fissure,  the  rock  being  termed  a  d^h§. 
The  complications  produced  by/aii^,  frequently  impede  most  materially  tiw 
operations  of  the  miner.  The  mineral  substance  which  constitates  the 
original  lode,  and  the  rook  above  and  below,  being  often  mixed  together, 
the  former  thrown  more  or  less  out  of  its  primitive  direction  by  the  sinking  or 
upheaving  of  one  of  the  walls  of  the  more  recent  vein — ^the  whole  cha* 
racter  of  the  bed  undergoes  a  material  change  by  one  portion  completoly 
overlapping  the  other.  As  veins  are  most  productive  at,  or  near  the  pointi 
where  these  substances  occur,  the  metalliferous  mass  on  which  the  mina 
had  been  engaged  is  completely  lost  on  comming  to  one  of  these  cross  veins, 
and  it  is  frequently  a  work  of  great  difficulty  to  recover  it  again.  The  first 
object  to  be  ascertained  in  searching  for  the  dislocated  vein,  is  the  direction 
in  which  the  wave  has  taken  place,  whether  to  the  right  or  to  the  left  hand; 
from  analogy  the  miner  is  generally  enabled  to  arrive  at  a  correct  oondlnsiciii 
on  this  head.  Continuing  his  level  upon  the  cross  vein  in  the  direction  he 
has  chosen,  if  he  has  been  correct  in  his  calculations,  the  metalliferous  vein 
will  be  again  met  with  on  the  opposite  side,  when  the  level  is  continued  as 
before.  If  the  search  requires  to  be  continued  for  a  long  distance  withoat 
success,  he  is  probably  at  fault,  and  it  will  be  necessary  to  drive  in  another 
direction  until  the  vein  is  foimd.  The  faults  which  interrupt  tho  coal  beds 
are  principally  soft  clay,  mixed  with  boulders ;  at  times  of  trap  or  porphyiy. 

The  great  coal-fields  in  the  vicinity  of  Newcastle-on>Tyne,  are  covered  by 
a  thick  layer  of  sandstone.  On  the  south  bank  of  the  Tyne,  ther3  is  a 
ridge  which  lowers  the  bed  by  00  feet,  whence  it  is  raised  in  nearly  a  zi^t 
angle  about  80  yards  above  the  surface  by  the  fault,  so  that  only  the  lower 
strata  are  visible.  It  sinks  again  66  feet ;  and  then  runs  almost  horizontally 
to  a  tremendous  fault  which  lowers  tlie  entire  bed  280  yards,  whence  it 
gradually  rises  again.  The  same  thing  occurs  in  the  coal-field  at  Bon- 
ohamp,in  the  department  of  the  Upper  Saone.  These  valuable  beds  are 
suddenly  interrupted  by  a  mass  of  porphyry  in  a  direction  forming  a  vezy 
slight  angle.  In  the  plains  of  Champagne,  on  the  other  side  of  the  inter- 
ruption, a  continuation  has  been  found  of  the  red  sandstone,  which  forms 
the  roof  of  the  coal-bed,  and  at  a  sliort  distance  the  porphyry  is  again  found; 
but  not  the  coal-bed. 

Experimental  WoTka. — The  existence  of  mineral  beds  or  veins  is 
usually  indicated  by  observing  attentively  the  fragments  of  ore  carried  down 
by  the  action  of  the  running  water.  In  following  such  indications,  it  is 
necessary  to  distinguish  between  heavy  and  light  ores,  between  friable  and 
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lard  materiab.  Anthracite  coal  may  be  carried  a  great  di^tauce  without 
jsiug  much  of  its  form,  while  bituminous  coal  will  not  go  any  distance 
rithout  losing  its  peculiar  characteristics ;  galena  may  be  carried  a  great 
listanco,  but  it  is  liable  to  be  broken  into  small  cubes  by  tlie  action  of  the 
rater.  Useful  iron  ores  are  never  carried  far  by  tlie  currents,  being  too 
ender  for  such  transport.  Tin  ores  are  often  found  in  allu\'ial  gravel, 
leddcd  upon  rock,  and  protected  by  layers  of  gravel ;  other  ores  are  too 
dable  to  be  carried  by  water,  and  too  oxidizable  to  resist  long  tlie  action  of 
lie  oxygen  of  the  atmosphere  for  any  length  of  time.  Where  such  specimens 
16  found,  therefore,  there  must  l)e  a  vein  at  hand. 

In  the  absence  of  other  and  more  obvious  indications  of  mineral  deposits, 
lut  where,  nevertheless,  tliere  sgre  reasonable  grounds  to  beheve  in  their 
xistcnce,  excavation  becomes  necessar}'.  The  general  direction  of  tlie  lodes 
if  the  neighbourhood  having  been  ascertained  from  tlie  workings  in  other 
nines  in  the  district,  a  series  of  pits  are  sunk  at  right  angles  to  the  run  of 
lie  veins.  This,  in  the  language  of  the  Cornish  miner,  is  called  tluxleing  or 
oitetniny^  and  the  pits  "  shode-pits :"  terms  which  will  be  described  presently, 
laving  ascertained  tlie  existence  of  a  vein  of  mineral,  tlie  next  point  for 
onsideration  is  the  nature  of  the  ore  and  its  value.  For  this  purpose  it 
iiist  be  assayed  for  its  quality,  and  if  possible  tliis  should  be  in  the  smelting- 
uxAce,  and  on  a  scale  of  suilicient  magnitude  to  afford  a  fair  test  of  its 
oality. 

As  in  Devon  and  Cornwall  more  extensive  mining  operations  for  obtain- 
ig  metallic  minerals  are  carried  on  than  in  any  otlier  district  of  similar 
Ltent  in  the  world,  the  practice  adopted  there  may  fairly  be  taken  as  a 
andard  for  operations  elsewhere.  Indeed,  the  Cornish  miner  is  usually 
m^t  for  as  the  guide  and  manager  in  all  foreign  mining  adventures  imder- 
ken  by  British  companies. 

The  discovery  of  suitable  localities  for  mining  operations  is  effected  in 
irious  ways.  Tin  and  iron  ores  are  more  commonly  discovered  by  shode- 
ig;  copper,  lead,  and  sometimes  tin,  by  costeeniug.  Wherever  granite 
•xsors  in  the  neighbourhood  of  killas,  kellas  or  clay-slate,  the  presence  of 
etallic  minerals,  principally  copper  and  tin,  in  veins  running  east  and 
est,  or  nearly  so,  may  be  expected ;  when  at  a  distance  more  remote  from 
le  granite,  and  in  veins  running  north  and  south,  or  nearly  so,  minerals  con- 
ining  lead  may  be  expected.  Supposing  a  stone,  containing  tin,  which  is 
fiily  recognized  by  its  superior  weight,  to  have  been  discovered  in  a  valley, 
*  on  the  side  of  a  hill,  it  would  be  termed  a  shode-stone ;  and  a  search  under- 
ken  to  discover  its  original  site  would  be  termed  shodeing.  Of  coui*se,  if 
und  on  the  side  of  a  hill,  it  would  faii-ly  be  presumed  tliat  it  had  been 
ashed  there  from  a  point  higher  up ;  tlicreforc,  according  to  the  contour  of  the 
Jit  the  search  should  be  directed.  It  is  not  always  necessary  tliat  the  shode- 
onc  should  contain  the  metal  actually  sought  for :  it  may  be  sufficient  to 
ive  found  the  most  common  companion  of  it.  Commencing  at  tlie  original 
ace  of  discovery,  similar  stones  are  sought  for,  and  will  be  found  more  and 
ore  nomeious  as  the  lode  from  which  they  were  origuially  poured  ioi\k  \a 
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ftpproaciicd.  Tlie  term  abode  ia  derived  from  nchutlen  (Teutonic),  to  pour 
forth.  Tlio  lode  having  been  reached  and  passed,  all  appearance  of  abode- 
Etones  ivill,  of  course,  disappear,  and  tlio  miner's  steps  must  be  retraced.  The 
vicinity  of  tlie  lodo  having  been  ascertained,  iLe  lode  itself  is  idcDtitied  by 
sinking  n  few  sliode-pitB  in  order  to  discover  from  the  etratum  or  shelf  im- 
mediately below  llie  soil,  or  tiifit  earth,  eurcr  indications  of  its  proximity. 
It  rarely  liappcna  that  a  lode  is  found  in  a  perfect  state  close  to  the  surface. 

A  perfect  lode  should  present  the  appearanoo  of  a  fissure  in  the  rock,  con- 
tnininp,  between  two  distinct  walls  or  faces,  deposits  of  earthy  and  melallie 
minerals  differing  entirely  in  clmracler  from  the  rock  itself,  and  principally 
ebaracterized  by  the  constituents  presenting  a  more  or  less  crystalline  form- 
Instead  of  this,  the  prolonged  action  of  water  and  atmospheric  agencitf 
appears  to  have  caused  more  or  less  the  decomposition  of  the  lode,  sod  m 
tlio  cocluining  rock  or  poanlrg,  which  have  been  broken  np  and  mingled 
togetlier;  and  tlius  has  been  produced  the  bryle  or  broil  of  the  lode,  fitna 
which  the  shode-stones  have  rolld 
away,  and  the  discovery  of  the  lodt 
itself  brought  about,  ns  shown  in  tlu 
annexed  engraving  (Fig.  1). 

The  older  miners  declare  tbatUu 
Bcarch  for  ithodc  stones,  in  some  in- 
stances, has  originated,  not  wilh  tk* 
finding  of  a  stone  of  ore,  but  from  «[ 
"'■  '■  tain  appearances  of  dancing  lights,  <a 

hiirning  ilmkct  ns  they  arc  failed,  resembling  will-o'-the-wisps,  which  h»T( 
been  repeatedly  obaen-cd  at  inlenals  over  a  particular  line  of  country.  Al- 
though wo  cannot  nt  present  acconnt  for  these  phenorocnft,  such  obsort*- 
tioua  mo  worthy  of  being  registered,  seeing  the  important  discoveries  now 
being  made  in  the  rclationa  existing  between  magnetism  and  voltaic  and  fnc- 
tionnl  eleutririly,  which  may  throw  valuablo  hght  upon  such  observaliiMia. 
and  render  llmm  of  pnieticnl  ntihty. 

It  is  believed  by  many  of  Uie  most  intelligent  mining  adventurers  in 
Cornwall,  that  some  of  tlie  most  valuable  mines  in  the  county  have  been  dis- 
covM-ed  through  tlie  agency  of  tlio  tinjnla  dUinntorui.  the  dialing  or  dowM- 
ing-rod.  This  instrument  is  composed  of  two  pieces  of  hazel-tivig  tied  together 
with  pack-tluvftd  or  twine,  (he  root-ends  lieing  brought  together,  and  the 
smaller  being  held  in  tlie  hands.  Hnzle-rods,  eut  in  Uie  winter  nnd  dried.aie 
said  to  answer  best ;  but  apple-tree  anckcrs,  or  twigs  of  peach-tree,  plnm.  eni- 
i-ant,  ii-illow,  or  oak,  even  if  green,  wUl  answer  tolerably  well.  If  tied  with 
silk,  worated,  or  hair,  it  will  not  act.  The  rod  ia  said  to  act  in  any  hands, 
hut  mnch  mora  energeUonlly  nith  some  Umn  with  others. 

The  land  to  be  examined  is  exphrril  by  the  dowser  walking  slowly  over 
It  from  north  to  south,  holding  Uie  rod  in  his  hands ;  not  perpendicnla^, 
but  at  an  angle  of  70".  When  approacliing  the  lode,  the  rod  feeU  loose  in 
the  hands,  and  is  ropeUed  towards  the  face  :  on  being  brought  to  ita  former 
poaiUon  It  IS  i^arn  repelled,  nutil  the  foremost  foot  ia  over  the  lode  whai  it 


DI8C0YEBT  OF  MINES  BT  8H0DEIN0.  03 

will  be  irresistibly  drawn  down;  and  in  this  position  it  will  continue  until  the 
lode  is  passed  over,  when  the  repulsion  will  be  again  perceived.  Most  of  our 
readers  will  remember  the  "  divining-rod,"  and  the  German  adept  Douster- 
Bwivel,  so  admirably  delineated  in  the  '*  Antiquary/'  and  mangel  to  find  the 
superstition  gravely  repeated  in  our  day  as  one  actually  practised. 

The  distance  between  the  point  of  appearance  and  disappearance  of  the 
depression^  indicates  the  thickness  of  the  lodes.  The  course  of  the  lode  may 
also  be  traced  by  walking  in  zig-zag  lines  over  it.  This  method  of  discovciing 
the  coarse  of  lodes,  if  in  practised  hands,  is  indisputably  of  great  practical 
?alae,  and  renders  efficient  service  where  shodeiug  cannot  be  adopted,  for  all 
lodes  or  veins  are  not  alike  allected  by  the  agencies  already  referred  to,  some 
of  them  remaining  comparatively  imaffected,  and  producing  no  shode- stones. 
A  more  certain  plan  than  that  of  sinking  shode  pits  at  intervals,  is  to  drive  a 
catting  open  to  the  grass,  two  or  three  feet  through  the  shaft ;  thus  all  the 
lodes  within  the  bounds  of  the  exploration  may  be  at  once  discovered. 

The  place  of  the  lode  having  been  discovered  by  shodeing,  it  is  necessary 
in  the  next  place  to  determine  the  line  in  wliich  it  runs ;  and  this  is  most 
commonly  done  by  costeening — that  is,  by  sinking  pits  down  to  the  rock  at  such 
distances  from  each  oUier  as  to  ^terify  the  supposed  dii-ection  of  the  lode. 
This  term  is  derived  from   CotJuis  stean  or  dropt  tin.     The  locality  and 
direction  of  a  lode  has  not  unfrequenUy  been  detenuined  by  the  pecuhar 
^pearance  of  the  herbage  covering  the  surface  ;  sometimes  by  the  colour  of 
the  fireshly-ploughed  soil ;   or  by  the  character  of  the  water  issuing  from 
adjacent  springs.    The  sinking  of  wells,  the  cutting  of  roads,  excavations  of 
races  for  water-wheels,  the  accidental  exposure  of  the  rock  from  the  washing 
of  the  sea  or  of  fresh-water  streams,  and  Uie  occasional  washing  of  the  peb- 
bles from  the  sea-shore,  have  been  among  the  most  common  means  of  disco- 
vering mines.    In  the  neighbourhood  of  Tavistock,  some  valuable  mines  were 
dieicovered  in  catting  a  tunnel  for  the  canal  from  tiiat  town  to  the  banks  of 
the  Tamar.     Sometimes  in  driving  adit-levcls  for  the  working  of  a  new  mine, 
lodes  are  cut  into  much  more  valuable  in  tiieir  produce  than  the  one  which 
originated  the  work,  but  of  which  no  trace  had  ever  presented  itself  at  tiie 
sur£Bu:e.    A  lode  or  series  of  parallel  lodes  haviug  been  discovered,  and  tiie 
character  of  their  mineral  contents  satisfactorily  ascertained,  it  is  nccessar}', 
before  determining  to  commence  mining  operations,  to  consider  the  locality 
and  resources  of  the  district ;  whether  sufficient  water  can  bo  obtained  for 
dressing  the  ores,  and  driving  machinery ;  and  whetlier  the  roads  or  oUier 
means  of  conveyance  will  allow  of  the  necessary  materials  being  obtained 
for  working  tiie  mine,  and  of  the  ores  being  conveyed  to  market  at  such  a 
cost  as  ^vill  admit  of  profit.  These  are  all  considerations  to  be  borne  in  mind 
before  commencing  operations. 

As  lodes  frequentiy  extend  many  miles,  the  discovery  of   tiie  combin- 
ations of  a  lode  on  which  a  celebrated  mine  may  have  been  successfully  worked, 
is  oflen  regarded  as  sufficient  inducement  to  incur  a  very  large  outiay  of 
capital  in  its  exploration  :  even  without  tiie  ore  having  been  found,  or  any    ^ 
other  indication  than  that  of  a  kindly  gozzan  or  gossan,  which  is  commonly  ^   v 


spongirorm  mass  of  qnartzose  stone.  contoiiuDg  loose  fermgiiioiiB  coatiiigs,  the 
probalils  remains  of  decomposed  aulphiirels  of  copper  and  iron.  Sometimes 
n  npriukling  of  crystnls  of  mundic  or  iron  pyrites  maj  be  obscired ;  and  on 
clicmicol  anolj'sis,  traces  of  copper  may  bo  discovered. 

For  a,  loDg  tunc  it  was  held  that  copper  coiild  not  be  fonnd  in  quantities 
to  pny.  to  the  eastward  of  Truro  hridgc.  The  prevalence  of  tliis  cmde  notiiMi 
tended  long  to  confine  explorations  for  tlie  ore  of  this  metal ;  bnt .  tbe  n.jii 
development  of  ininen  of  the  most  important  cliaractertliroiighout  the  eastera 
part  of  Cornwall,  nnd  the  ivestcm  districts  of  Devonshire,  liave  given  minen 
greater  confidence  in  applying  tlie  principles  of  mining  to  tlie  exploration 
of  new  districts,  instcail  of  adhering  to  old  localities  simply  on  account  of  Ihetr 
acquired  dmracter  and  ancient  traditions. 

Tlio  direction  of  tlic  lode  having  been  ascertained,  it  is  in  the  next  pliiw 
neccssaiy  to  determine  tlio  direction  and  nmonnt  of  dip  or  underlie  of  the 
lode — wliclhcr  it  he  from  north  to  Bontli,  or  rire  irr*i ;  also  liow  manjincbea 
or  feet  per  fathom  it  is  out  of  the  perpendicular  in  its  descent.  According 
to  Uio  clianwter  of  the  ground,  or  cniittlrij,  it  is  to  he  determined  whether  to 
sink  a  aliftft,  or  to  drive  np  nn  aiUt-levtl  from  the  ncnrest  valley,  so  as  to  oit 
the  lodo  nt  tn-enty,  thii'ty,  or  forty  fallioma  from  the  surfnce,  and  thus  at  iia« 
to  ascertain  the  qnnlity  of  the  lode.  K 
tlio  grouii  J  ho  ensy  to  sink  tlirough,  it 
maybe  considered  best  to  Biiikatonn 
a  Ehnft,  Iweaiise.  as  it  goes  down,  it 
afibrda  llic  opportimily  of  setting  a 
greater  nuniher  of  men  at  work  at  dif- 
ferent levels,  ns  may  he  seen  from  the 
annexed  sketch  (Fig.  2).  As  aoonw 
tlie  filiiifl  is,  say,  twenty  fathoms  in 
ili-pth  the  ilri\-ing  of  a  level  to  cro» 
cut  tlin  loilu  Ht  ti  may  bo  commeneaii ; 
lit  tliirty  fiithoms  the  lode  itself  nnj 
lie  cut  and  sunk  thran;;h,  passing  on 
til  another  ten  fatlioma  in  doptli.  By 
'  driMng  on  ndit  level, as  at  ft.tocntlhe 

lode  Ifsa  mnehmeij  will  he  rtquiroJ  as  the  ■water,  n-hicli  is  (he  principal 
difhcuHy  tiic  miner  has  to  contend  with  will  run  away  of  itself:  and  thM, 
although  it  maj  be  neocasary  to  excavate  a  very  much  larger  qunntily  of 
ground  to  reach  the  lode,  it  may  be,  and  indeed  generally  is.  lessexpenijve  to 
cut  the  lode,  by  driving  the  adit-level,  than  to  sink  the  shaft.  Tliis  is  more 
eBpecially  tlie  case,  seeing  Oiat  even  after  the  lode  1ms  been  cnt  by  the  shaft. 
tlie  adit  level  will  be  necessary  to  niii  off  the  water,  if  further  operations  be 
determined  on. 

The  sinking  of  the  main  or  sump  shaft,  and  the  driving  of  the  aditlevel, 
are  tlio  tn*o  most  important  operations  in  mining.  The  object  of  the  fonner 
is  to  proTidfl  access  to  the  lode  at  diifercnt  depOis,  for  tlie  conveyance  of 
labour  and  materials,  for  the  oittraction  of  tlie  ores,  nnd  for  tlic  removal  of  the 


b;  machinerj.  The  object  of  tlie  laltcr  in  to  provide  for  the  removal  of 
hj  preparing  an  outlet  for  it  at  tlie  loncst  possible  poiiit.  so  as  to  pre- 
te  expense  necessary  fur  lifting  it  to  the  surface  of  the  mine  by  moons 

:he  main  shaft  of  a  mine  bo  100  faUioms  in  depth,  and  there  be  an  adit- 
t  30  fathoms,  the  water  will  have  to  be  lifted  only  70  instead  of  100 
la.  By  tlie  co-operation  of  many  mines  a  great  pcnnancnt  saving  of 
litnre  may  be  effected  by  directing  the  aditlevel  of  each  mine  into  one 
idit.  by  which  it  may  be  made  to  scrre  instead  of  having  a  acpamte  uuc 
ch  mine.  By  refer- 
to  the  annexed  dia- 
(Tig.  3)  this  amLnge- 
will  bo  easUy  nnilcr 

posing  a  district  of 
nilcs  in  extent  to  bo 
cpresented,  A  B  ^^^ll 
i  main  adit.  C  D  E 
mines  at  different 
ions,  E  having  dri 
>  a  main  adit  from  B 
;ts  own  main  shaft  f'e  ' 

ondnuation  of  it  to  the  shaRs  of  D  and  C,  tln.ae  t«o  mines  will  bt  aUe 
barge  their  water  at  the  level  A  B  instead  of  at  D  and  E. 
e  advontagea  of  this  method  of  working  are  well  shown  at  the  United 
near  Redruth,  where  a  main  adit  has  been  driven  between  fuur  and 
lies  in  length,  into  which  branches  from  between  forty  and  fifty  mines 
leen  opened.   It  ia  carried  from  a  point  only  a  few  feet  above  Iiigli-water 

With  all  its  branches,  ila  extent  is  between  tliirty  and  forty  niilcs. 
atcst  depth  from  the  surface  is  seventy  fathoms,  hut  the  average  is 
thirty  fathoms.  By  this  work  the  expense  of  macliiuory.  and  of  coals 
ary  for  lifting  the  water  of  all  these  mines  tliirty  fntlioms  in  height, 
has  been  calculated  at  2-1:, 000  tons  of  coal  per  annum,  are  saved ;  so 
r  coals  alone  a  saving  has  been  effected  of  illD.OUO  per  aunuia.  This 
ficcnt  undertaking  was  commenced  in  17-li^,  and  completed  in  17CH. 
e  bilking  of  the  main  shaft,  and  the  driving  of  ttio  adit  level,  may  with 
Age  be  conducted  at  Uio  same  time ;  for  it  not  unfrequcntly  happens 
le  adit-lovcl  draws  off  much  of  tlio  water  that  would  othoriTiae  have  to 
i&l  to  the  surface ;  it  also  affords  the  opportunity,  after  it  has  been 

np  to  the  point  under  the  sinking  shaft,  of  setting  pairt  or  caret 
)  of  men  at  work  to  expedite  the  formation  of  the  Rhaft,  liy  rising  up 
Is  the  men  at  work  above.  Tliis,  of  course,  cau  only  be  done  where 
}and  is  sufliciently  compact;  but  if  this  cannot  be  done,  the  adit-level 
;  been  driven  np  to  the  lode,  two  different  sets  of  men  can  almost  im- 
lely  be  set  at  work  upon  the  lode  right  and  left  to  extract  its  contents. 
I  tha  mine  is  rich  in  metallic  ore,  it  may  immediately  become  ijtq- 
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ductive  of  profit.  Frequently  adit-levels  are  used  not  only  for  the  drainage 
of  the  mine,  but  also  for  permanently  working  as  a  tunnel  for  the  extraGtian 
of  the  ores,  without  any  main  shaft. 

Wlien  this  is  the  case,  the  level  is  made  larger,  to  provide  for  the  peima- 
nent  traffic  over  the  tramway  laid  for  running  the  waggons  in  and  out  of  the 
mine.  This  tunnclliug  is  commonly  driven  through  rock  or  country  suffi- 
ciently solid  to  support  itself;  but  where  the  ground  is  soft,  it  is  most  com- 
monly supported  witli  timber,  more  rarely  witli  masonry.  The  work  of  the 
miner  in  driving  an  adit  is  comparatively  simple,  consisting  principally  of 
pickwork,  boxing  and  blasting  with  gunpowder,  and  removing  the  attle  or  waste 
in  wheelbarrows  or  waggons.  When  the  level  is  being  driven,  in  order  to 
meet  a  shaft,  tlicse  simple  operations  have  to  be  conducted  with  care,  in 
accordance  with  the  directions  of  the  superintending  captain,  who  marks  out 
the  course  to  be  followed  by  carefully  dialling  the  ground ;  for  this  purpose 
he  employs  a  theodolite  mounted  over  a  large  mariner's  compass.  The  most 
careful  dialling  is  required  where  an  adit  level  has  been  driven  forward  to 
the  point  below  a  shaft  in  course  of  sinking,  and  it  has  been  determined  to 
work  upwards  to  meet  the  miners  sinking. 

As  it  is  of  the  utmost  importance  that  the  main  shaft  should  be  perpen- 
dicular on  all  four  sides,  in  order  to  produce  perfect  work,  both  parties  mu^t 
be  working  round  a  common  central  perpendicular  line,  which,  however, 
cannot  be  dctcnnincd  until  a  communication  is  opened  between  the  sinking 
and  the  rising  minors.  Altliough  the  operation  requires  great  care,  it  is  veiy 
seldom  that  any  en*or  occurs.  The  size  of  the  main  or  sump  shaft  of  a  mine  is 
determined  by  the  purposes  for  wliich  it  is  intended  to  be  employed.  More 
commonly  it  is  used  only  for  pumping  up  the  water,  but  it  is  also  sometimes 
used  by  bemg  parted  oft*  with  timber  into  compartments  for  footway  purposes, 
and  for  tlie  raising  of  the  ores.  As  it  is  sunk,  at  least  in  tlie  upper  part,  it  is 
always  carefully  timbered ;  but  frequently  in  deptli,  the  ground  or  countiy 
becomes  sufficiently  compact  to  render  tliis  unnecessary.  As  soon  as  the 
sinking  of  a  main  shaft  is  commenced,  it  is  neccssaiy  to  erect  a  count-koiM 
and  store  for  materials,  a  powder-house,  and  a  caii)enter's  and  blacksmith*! 
shop.  At  first  a  common  windlass  and  a  p.oir  of  buckets  arc  used,  wodKed 
b}'  hand,  for  bringing  the  water  and  rubble  to  the  surface  oi  grass ;  but  while 
the  sinking  is  going  on,  a  pei'pendicular  windlass  or  whim  is  erected  for  the 
application  of  horse-power,  so  as  to  lift  about  three  hundredweight  at  a  time 
in  iron  buckets  or  Itibbles.  As  the  deepening  progresses,  the  water  increases, 
sometimes  so  rapidly  tliat  tlie  labour  of  the  miner  is  of  necessity  suspended 
imtil  the  aid  of  tlie  steam-engine  or  water-wheel  con  be  obtained. 

Mining  Operations. — The  square  form  of  the  shaft,  while  it  absorbs 
more  timber,  and  is  of  a  weaker  section  than  the  circular,  affords  great  faciH- 
ties  for  timbering  up  weak  places.  This  is  done  by  a  series  of  close  vertical 
timbers,  maintained  in  position  and  strengtliened  at  intervals  of  a  few  feet  by 
interior  frames,  made  of  logs  of  Norway  timber.  The  quantity  thus  annually 
consumed  in  mining,  in  Cornwall  and  Devon  alone,  is  estimated  to  amount  to 
a  million  and  a  half  cubic  feet.  For  fifteen  or  twenty  fathoms,  a  wooden  wind- 
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^ht  by  hand,  serves  to  draw  up  the  broken  material  and  let  down 
les  as  may  be  reqinred. 

this,  the  sinking  is  prosecuted  for  a  few  fathoms  by  a  horse-whim, 
it  is  termed  in  the  northern  districts.  The  sinking  of  a  shaft 
ard  ground,  is  a  tedious  and  costly  operation.  When  prosecuted 
ight  continuously,  a  few  feet  is  all  that  ten  or  twelve  men  can  pene- 
70  months.  The  outlay,  under  such  circumstance,  often  amounts 
£60  per  &thom.  Gunpowder  is  in  constant  requisition  to  dislodge 
vhioh  not  unfirequently  is  so  hard  as  to  require  the  entire  quantity 
;ed,  a  small  fragment  at  a  time.  The  tools  used  by  the  miner  are 
rous,  comprisiag  the  heavy  steel-pointed  pick,  shovel,  wedges,  or 
d,  or  bowyers  (borers),  hammer,  and  the  small  instruments  required 
.  The  operations  in  sinking  are  principally  confined  to  drilling  the 
>lasting,  disposing  the  charges  of  powder  in  such  manner  that  the 
mccessive  blastings  shall  carry  the  shaft  down  the  required  dimen- 
out  largely  employing  the  wedge  and  pick.  This  is  done  by  drill- 
bottom  of  the  shaft,  in  such  a  manner  as  shall  clear  away  the 
ount  of  obstructive  rock,  with  the  greatest  economy  of  labour  and 
The  broken  ground  is  filled  into  iron  buckets,  or  kibbles,  and 
he  surface.  A  sketch  of  the  horse-whim  by  which  this  is  generally 
aUow  mines,  is  appended  in  Fig.  4. 


Kg.  4. 

isel  for  drilling  rocks  consists  of  a  steel-pointed  bar,  one  to  one  inch 
'  wide  at  the  point,  and  three  to  five  feet  long ;  this  is  held  firmly  in 
3y  one  man,  and  struck  on  the  head  with  the  hanmier  by  another ; 
ach  blow  it  is  turned  partly  around,  to  clip  off  a  fresh  bit  of  rock, 
th  great  economy  of  material,  the  borer  has  been  made  entirely  of 
the  rock  is  of  medium  hardness,  an  hour  or  two  suffices  to  drill  it  to 
f  two  or  three  feet.  In  the  hardest  rocks,  the  same  number  of 
a  common  rate.  Water  is  used  in  some  districts  to  fruulitate  the 
he  drill;  in  others  the  operation  is  a  dry  one.  When  drilled  to  the 
Bpth,  the  hole  is  dried  with  some  fine  clay  tightly  rammed  down 
nr  by  wads  around  the  cleaning-rod.    The  ohargo  oi  po^^QX  \&  li^N?  N. 


lOO  DBirncG  sHAiTs  Aan>  letklb. 

sadicMBC  lo  dervlop  its  riches,  and  cause  a  progxessiTe  increase  in  the 
of  or«  groond  exposed. 

The  5ishi2i^  of  shafts,  dririnsr  of  krels.  and  work  of  a  similar  nature,  is 
called  **  cerBvz^.'  and  u  undertaken  at  per  cahic  Cithom  down  or  forwazd. 
The  con:rac:s  are  fcr  two  months,  when  ther  are  again  re-let  at  Datch 
anociozi  to  the  lowest  bidder  for  a  farther  tenn  of  two  months,  with  a  strict 
or  lixnit  of  extent  of  work,  to  prv^Tide  ior  an  alteration  of  character  of  ground 
6vvu  d:r.vr:il;  lo  ea^  won.  This  competition  system  results  in  the  woik 
KfizLC  p^-rtortu-ed  on  Terr  economical  terms.  The  price  paid  includes  ell  ex- 
^dfv.  $siTo  dnwins  <^{  the  water :  the  costs  inconed  for  iron,  steel,  smith- 
wv?ri.  ty.'vder.  liases,  and  :00k  osreraDr.  and  for  drawing  and  remo^-ing  the 
staiK'rl&l  sr:::.  &rv  d«dcv-;ed  &?ni  the  smn  accruing  at  the  letting  price. 

I>.e  c*xs«cdoa  of  :he  :re  is  fsincipaUr  performed  by  a  class  of  contracton 
calVrd  -  :rL>u:cr^. '  :rho  in  p^irs  or  cores  of  from  two  to  eight  or  ten  men  and 
K^y^  :in-ic  rsftke  tkxi>  wvrkin-^  0^  a  piece  of  groond  on  condition  of  securing  s 
$K4St*d  rr;cvrt5>:£  ^f  :he  rrweedf  of  their  ore.  The  miners'  share  varies  with 
th^  art-*^'-*  rlchaes!?  of  the  "  pitoh  "  or  block  of  ground  which  they  have 
•aJLVu  I:  :j:^  I- vie  is  rioh  azi  easy  to  work,  sixpence  or  a  shilling  in  the 
jv*LC.:  rriv  ;>;  :ji^  :ri>^:«;r  5  T*>rdoc :  if  of  averace  richness,  he  will  have  four  : 
or  dvv  *i.'.U.irr5-  a  peer  We  in  hard  gn>nnd  lets  at  firom  ten  to  thirteen  [ 
*>.uV.:*:s  :::  :>.;•  r>.'cizi  s^frlir^.  ani  at  this  high  proportion  may  scarcely 
*5.*-ri  a  ><krs:  V.t:v^  v  :2ie  air  utersw  The  contracts  for  the  extraction  of  the  ^ 
ow  «rt.-  :^:r::-.:s<.l :.'  a  fc^:Idkr  a;i.-C20ii  and  competition  amongst  the  miners  ' 
a*  •*>•;  r-cc'v-;^  :>.:  1  t-ss  ci^i-rr  having  the  contract.  To  prevent  coUnsion  , 
Ar  .•;-.:>«  ;>,•  jt>8S4.r« :'■:•:  r^^n.  :he  a^-cts  place  a  reserve  price  on  each  con* 
:rtr.-.\  Y»  >,:.>.  >  i^^r-.:irU  ot^r^d.  a&i  the  miner  has  the  option  of  acceptiiig  ' 
:>..-  V>aft.-r  :•-"-.•    r  :>.r;Tr:rj:  zp  ih-*  coc^act.  ! 

Tn'  ^r'.'s  >ri:T.  >y  :*i^  ir.bcwr  are  nlied  into  iron  tram-waggons,  mnning 
s'tt  T^:*  >**r4,  V  •  .>  r.T.'Ti-d  ?v  K'vs  :o  the  shaft,  where  thev  are  removed  into 
*«^•  vvvs  sT  V,' cl.>i.  ir,.l  .'IniTra  :^\  the  ssrtace.  Iron  buckets  with  single-line 
*:-.*."<  AT.-  ^vr,r**'v  -.-.s^-c  ir.  dra-x-lrr  the  or*"*,  but  of  late  vears  a  few  shafti 
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hCv kv;^  ar^.-  ir!*.:;s.V:rt?d  :.•  az.di^rr  :r'asi-wa;;:^>n.and  removed  to  the  dresshig 

I.  vt*^  \*  .:<ft.TTvd  ::\a:  -;-  ^rlrdr^  ihe  ores  to  the  surface  from  deep 
>PM "o-t.  ;>..'  iviWH-i-s  'j^^x:  i-  vVrt^w^i:!:  is  cnfaiv  inferior  to  that  in  use  in  the 
^* »  X. ,  Aiv,  \  ,-n ,,^ji;;:^.  ^.^  .l^>P5r >r:s.  N  .•  jvr^a^til le  improvements  have  been 
wvi,v  v/,  ;>;>i  ,U-A<r;r.:sr:  «:-.>/^  ^e  pr«wc:  century,  though  ample  room 
<\w.N  v.l  ;V  '.r:r,vv,:v-..'a  ,*:  -Jr.^-  nixies  pracdsed  in  other  districts  un- 
^^•x.\'c^t>;N  ^..;;,  V  j.-^.i^.>  ijr,-.:::isii  -i^  <v>«  oi drawing  the  ores.  The  sub- 
>5....s  vtf  oi  *..\iw  iVr  >;iT.':A3:  r^wvr  is  weKin^down  and  adjusting  the  pondcr- 
vtx  ^st^.^  ^..,i  ^^:^  ;>o;5ji>/v!:ac5i«a  f.r  seme  twentv  vears  in  Wales,  has 
'    'll!^  *- "'-^  -v  vVcr.^^:  wi.i.i-  the  !ast  three  or  four  yeaw. 

^M<4al  %i»  tiM  W^TMa> — Xx'WTS*  v>  the  undex^giound  workings  is  ob- 


I  bj  narrow  ladders  placed  Id  the  l&rge  or  etunp-shafta,  or  m  smaller 
xrmed  footwaj  shafts ;  vet;  frequently  they  are  placed  nearly  perpen- 
U-.  and  accidents  from  falling  off  are  common.  In  addition  to  Uio  direct 
f  life  by  accidents,  the  waste  of  life  and  labour  in  the  toilsome  ascent 
the  deep  mines  after  the  day's  labour,  is  very  much  greater  than  is  com* 
;'  supposed.  If  we  estimate  a  miner  to  weigh  with  his  dress  and  accou- 
nts IHOlbs.,  and  tlie  ascent  to  be  made  from  a  depth  of  300  fathoms 
■  the  surface — not  Ein  unusual  circumstance,  since  several  mines  are 
than  300  fathoms  deep — the  muscular  power  exerted  during  his  ascent 
tnl  to  the  lifting  of  one  hundred  tons  one  foot  high.  This  is  not  an 
me  cose  :  many  men  do  more.  Taking  the  whole  of  the  mines,  and 
lacdium  working  depth,  it  will  be  found  that  the  miner's  strength  is 
to  the  extent  of  lifting  fifty  tons  one  foot  liigh  in  order  to  plaq.e  him- 
m  tlie  surface ;  and  from  the  mine  he  may  have  to  walk  two  or  three 
to  his  dwelling ;  but  this  portion  of  his  labour,  of  course,  forms  no  part 
:  defects  of  the  mining  system, 

n  attempt  has  been  made  to  remedy  this  waste  of  labour;  hnt  the  defec- 
ray  in  which  it  was  made  has  prevented  more  thai)  one  or  two  applica- 
of  machineiy  to  the  purpose.  The  plan  adopted  (in  three  or  four  mines 
out  of  as  many  thousands)  conoiats  in  suspending  wooden  rods  at  the 
end  of  a  working  beam  capable 
of  communicating  a  stroke  of 
twelve  feet;  eitlier  one  or  two 
rods  being  used.  Secured  to  the 
wooden  rod  are  smalt  platforms, 
the  length  of  the  stroke  apaii, 
of  a  size  sufBcicnt  for  the  stand- 
ing of  two  men;  on  a  second 
rod,  or  secured  to  a  standing 
timber  (Fig.  5),  are  correspond- 
ing platfoims,  which  ore  directly 
opposite  those  on  tho  rod  when 
n  and  top  of  its  stroke.  If  two  rods 
iiictionB  are  so  made  that  the  weight 
III'  Mil,',  I'liliiiii'cs  that  of  the  other.  Tho  operation  of 
ill,'  iii;!i'liini>  iu  v.'ry  simple:  a  man  standing  on  the 
iilHii'i-  jiUiifniu  iliscends  twelve  feet  with  the  down- 
slrrtke  of  the  mil,  and  steps  on  to  the  opposite  plat- 
form ;  if  a  siri^'lerod  machine,  he  hero  waits  the 
return  down- stroke,  and  getting  on  the  second  plat- 
form, descends  a  second  twelve  feet.  This  changing 
from  the  fixed  to  the  moving  platform,  and  vi«»  vertd, 
■eated  until  the  required  depth  is  attained.  With  two  rods  the  time  lost 
dting  does  not  occur;  by  stepping  from  one  to  the  other,  he  descends  in 
the  time.  The  ascent  is  made  by  going  on  the  platform  when  the  rod 
its  lowest  stroke,  and  continuing  this  order  upwards.    Steam  or  water- 
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power  is  required  to  maintain  the  machine  in  motion  daring  the  day ;  but 
if  well  balanced  and  unnecessary  Mction  is  avoided,  the  power  absorbed 
is  not  great. 

The  great  defect  of  the  apparatus,  and  to  every  appearance  an  insur- 
mountable obstacle  to  its  general  adoption,  is  its  great  cost  It  is,  in  fioct,  so 
costly  that  very  few,  even  of  the  highly  remunerative  mines,  can  afford  to 
expend  so  much  capital.  lu  a  commercial  point  of  view,  even  the  uncer- 
tainties of  miuing  are  such,  that  a  positive  evil  of  great  magnitude  is  endured* 
because  the  proprietors  know  not  how  long  it  may  be  advisable  to  prosecute 
the  mine.  The  prospects  of  the  mine  may  in  a  few  weeks  alter  to  such  an 
extent  as  to  cause  its  abandonment. 

To  tlic  experienced  coal  and  iron-stone  miner,  the  whole  of  the  Comish 
system  of  drawing  ores,  and  ascending  from  mines,  appears  rude  and  bar- 
barous in  the  extreme ;  it  is  only  one  step  removed  from  the  notched  tree  of 
the  savages  of  the  Southern  Ocean.  The  mines  of  the  continent  axe  nowise 
supciior ;  yet  the  capital  expended  on  this  rude  system  is  much  greater  than 
is  laid  out  on  the  most  highly-finished  coal-pit  apparatus,  which  combines  in 
one  a  safe  and  rapid  conveyance  for  the  miner  to  and  from  the  surOace,  and 
an  infinitely  cheaper  method  of  drawing  the  minerals.  A  system  which  forces 
men  to  climb  hundreds  of  fathoms  dail}',  in  addition  to  tlieir  ordinary  labour, 
ought  no  louger  to  exist.  Doubtless  the  force  of  example  will  eventually 
lead  to  the  alterations  required  to  raise  this  part  of  the  Comish  mining 
system  to  a  level  witli  otlicr  districts. 

Ventilation  of  Vndevgvoond  Workings. — Hitlierto  few  s^^stcmatic  atr 
tempts  have  been  made  to  supply  the  miner  witli  the  requisite  quantity  of 
atmospheric  air,  and  the  consequences  are  seen  in  the  large  proportion  of 
fixed  air  in  a  moiety  of  tlie  worldugs.  This  inattention  to  a  matter  of  sudi 
vital  iiupoi'tance  to  the  health  of  the  miner,  is  inexcusable  in  every  respect 
A  cun'cnt  of  atmospheric  air  is  conducted  Uirough  narrow  tortuous  passages 
of  several  miles  in  extent,  with  such  facility  and  at  such  trifling  expense,  t^ 
no  reason  can  be  adduced  why  one-half  of  the  miners  in  Cornwall  and  Devon 
should  be  working  m  a  highly  poisonous  atmosphere.  To  a  miner  from  the 
midland  or  uortliem  districts,  tlie  apathy  exliibited  on  this  point  is  remaik- 
able.  In  no  part  of  tlie  world  where  mining  has  been  prosecuted  can  greater 
indifference  be  seen.  The  movements  of  the  drawing  and  pumping  apparatus 
produce  tiifliug  currents  in  the  shafts ;  but  the  workmen  at  the  extreme  ends 
of  levels,  tlie  bottoms  of  winzes,  and  the  adjacent  pitches,  are  left  to  the  sur- 
rounding stagnant  air.  This  acts  on  the  organs  of  respiration,  prododng 
consum])tion  and  other  allied  diseases,  which  cany  off  the  miner  in  the 
prime  of  life.  As  a  class,  tliey  are  robust  and  naturally  less  liable  even  than 
seamen  to  such  diseases;  but  such  is  the  pernicious  effects  of  the  impure  air 
they  breathe,  and  tlie  barbarous  mode  of  ascending  from  the  bottom,  that 
fifty-two  per  cent,  die  of  consumption  in  a  coimty  where  the  percentage 
amongst  agricultural  and  other  sui-face  labourers  amounts  only  to  twenty  in 
the  worst  locaHties.  Seventeen  per  cent,  of  the  minei*s  meet  with  a  violent 
death  froui  accidents  in  mines.    At  a  modei'ate  computation,  nearly  500  hves 
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are  needlessly  sacriilced  annually  from  one  disease  only.  Its  insidious  ad- 
vances on  the  constitution  are  commcmly  unperceivcd  by  Die  miner,  who 
reluctantly  abandons  the  unventilated  mine,  and  finally  succumbs  to  its 
influence  unnoticed  in  a  county  where  human  labour  and  life  are  valued  at  a 
very  low  rate.  Compared  with  this  wholesale  waste  of  human  life,  the  loss 
from  accidents  and  explosions  in  coal  mines,  with  ten  times  the  number  of 
miners,  is  perfectly  insigniiicaut. 

Nor  is  this  the  only  waste  of  life  in  the  Cornwall  mines.  From  a  false 
spirit  of  economy,  tlie  dressing  operations  are  performed  principally  by  young 
females,  stationed  in  open  sheds,  or  altogether  exposed  to  the  inclemency  of 
the  weatlier  in  bleak  districts.  Amongst  these,  consumption  is  scarcely  less 
prevalent  than  amongst  the  miners ;  while  the  mass  of  disease  transmitted 
ta  their  posterity  is  too  painfiil  to  contemplate. 

The  absence  of  ventilation  seriously  operates  against  the  economical  pro- 
secution of  sevei-al  mines ;  the  miners  are  unable  to  stand  the  usual  number 
of  hours,  frequent  relays  are  requked,  and  the  ultimate  outlay  is  augmented 
in  a  greater  ratio  than  the  number  of  men  employed.  Instances  have  occurred 
where  the  sum  offered  for  driving  levels  without  ventilation,  has  been  ten 
times  the  value  of  the  same  work  witli  pure  air,  and  this  in  places  where  the 
hundredth  part  of  the  excess  of  price  judiciously  appHcd,  would  have  caused 
an  abundant  supply. 

With  these  few  remarks  on  this  all-important  subject,  we  shall  leave  the 
exposition  of  the  mechanical  and  legislative  remedy  for  these  evils  to  one  who 
has  established  for  himself  a  claim  to  be  heard  on  tlie  subject. 


Section  U. 

mikino  jxjkisprudence  and  ventiiuvtion. 

The  economy  of  time  and  of  labour  is  the  object  of  all  manufacturing 
improvements  which  aim  at  cheapness  of  production ;  and,  collateral  wiih, 
these,  is  now  recognized,  as  an  essential  coefficient,  the  economy  of  himian 
life.  Where  the  demand  for  labour  in  any  special  occupation  is  small  as 
compared  with  the  supply,  a  sHght  addition  to  the  wages  will  suffiSe  to  attract 
workmen,  although  more  than  counterbalanced  by  the  exhaustion  of  stiength 
ftnd  deterioration  of  health  which  commonly  result,  when  the  animal  fuuc- 
tiong  are  unduly  taxed ;  but  in  any  great  development,  such  as  coal  and 
iron  mining  have  undergone  in  the  last  twenty  years,  tiio  demand  and  cost 
of  labour  are  greatiy  enhanced  by  the  more  rapid  wearing  out  of  the 
labourer.  To  render  labour  possible  far  beneath  the  sui-fuce  of  the  earth, 
much  attention  to  the  condition  of  the  workshop  is  required ;  even  to  avoid 
unnecessary  danger,  and  to  secure  Uie  full  yield  of  work  for  a  given  expendi- 
ture of  time  and  labour,  such  provision  must  bo  made  as  wiU  maintain  the 
health  and  vigour  of  the  workman  unimpaired. 
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It  is  by  the  changes  in  the  air  that  the  operations  of  the  miner  are  chiefly 
retarded;  the  laws  of  ventilation  assume,  therefore,  a  prominent  position 
in  the  economy  of  mining.    A  miner  excavates  a  tunnel  or  space  before  him, 
sufficiently  wide  to  allow  himself  room  to  work  and  progress  in  the  cheapest 
manner.    This  excavation  serves  a  threefold  purpose — for  the  extraction  of  the 
minerals  by  means  of  barrows  or  trams ;  for  carrying  oflf  the  springs  of  water 
met  with ;  and  for  supplying  the  miner  with  atmospheric  air  sufficient  to 
keep  his  candle  burmng.    The  room  in  which  he  continues  to  work,  expands 
in  form  and  size,  according  to  the  position  of  the  minerals  which  he  finds  H 
remunerative  to  extract.    In  thin  scams  of  coal,  less  than  eighteen  inches  is 
sometimes  the  whole  height  extracted ;  here  the  miner,  whilst  working  with 
the  pick,  lies  on  his  side.    In  sinking  shafts  or  driving  galleries  in  a  rock,  the 
work  is  chiefly  blasting ;  and,  in  a  more  or  less  stooping  position,  the  miner 
plies  his  drill  and  hammer  to  bore  into  the  rock.    In  "  rising  a  winze/* — Le., 
making  an  air-shaft  upwards — and  in  **  getting"  nearly  vertical  metalliferoia 
veins,  much  of  the  work  is  performed  overhead.    In  such  veins,  the  roads  or 
gaUeries  by  which  the  minerals  are  brought  out  from  the  working  parts,  vaiy 
generally  from  five  feet  high  and  three  feet  wide,  to  seven  feet  high  and  ^^ 
feet  wide ;  but  the  height  is  ordinarily  governed  by  the  inclination  and  thick- 
ness of  the  productive  strata,  and  the  strength  of  the  superincumbent  rock. 
In  many  coal-mines,  it  was  a  custom,  now  liappOy  becoming  rare,  to  per- 
form the  underground  haulage  in  a  height  of  three  feet,  by  means  of  boys 
having  harness  round  tlieir  hips,  who  were  employed  to  draw  the  tubs— 
unquestionably  the  most  expensive  means  of  transport  that  could  be  devised. 
Forty-two  inches  is  the  lowest  gallery  in  which  ponies  are  substituted  for 
boys ;  and  in  tliis  height,  nimibers  of  Shetland  and  Highland  ponies  may  be  | 
seen  working  in  tlie  North  of  England  coal  mines.     Tlie  height  of  the  roads 
materially  increases  the  facility  of  ventilation.    As  tlie  mines  increase  in 
depth,  the  roads  or  galleries  can  only  be  reached  by  sinking  shafts  from  the 
surface.    The  sizes  of  these  vary  from  three  feet  up  to  twenty  feet  in  diameter ; 
and  at  tlie  Tresavcan  mine  in  Cornwall,  the  depth  attained  below  grass  was 
750  yards.     There  are  four  distinct  portions  of  a  mine  which  have  to  be  con- 
sidered in  relation  to  the  ventilation, — tlie  shafts,  the  underground  roads  or 
galleries,  the  working  places  at  tlieir  extremities,  and  the  old  workings  (tech- 
nically, detjds  or  goafs).     These  are  all  distinguished  from  other  workshops 
by  the  peculiarities  of  temperature,  pressure,  moisture,  and  composition  of 
the  air — by  tlie  gases  and  miasmata  which  exist  in  them — by  the  absence  of 
sunlight,  and  the  mode  of  lighting— quite  as  much  as  by  the  motions  and  working 
positions  of  the  miners,  which  diller  from  those  used  in  any  other  occupation. 
In  the  deeper  parts  of  his  workings,  the  miner  is  liable  to  be  stopped,  or  over- 
whelmed, either  by  water  or  carbonic  acid :  in  the  higher  parts  he  may  be  suffo- 
cated or  destroyed  by  irrespirable  and  explosive  gases ;  and  if  he  enters  but 
a  very  short  distance  beyond  the  point  for  supplying  the  necessary  amount  of 
atmospheric  air,  it  becomes  deteriorated  to  an  extent  injurious  to  life. 

The  average  composition  of  the  atmosphere  is,  for  each  thousand  parts- 
nitrogen,  788;   oxygen,  197;   vapour  of  water,  16;   carbonic  acid  gas,  1. 
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ons  of  nitrogen  kdA  oxjgen  are  maintained  with  dngular  exact- 
y  part  of  the  anrfoce  of  the  globe,  even  in  the  highest  regions 
ij  nun  :  a  certain  indication,  it  maj  be  deemed,  of  the  necessity 
vision  to  the  maintenance  of  animal  and  vegetable  life.  Professor 
Tmined  that  the  lUffusivenoss  of  each  gas  approximated  to  the 
I  of  the  sqnares  of  its  density :  thus  the  relieve  capability  for 
of  air.  nitrogen,  oxygen,  and  hydrogen,  would  be  as  10, 10, 0  and 
K;ted  to  such  action  alone,  without  the  influence  of  the  wind  and 
hetic  currents,  the  composition  of  the  air  could  not  he  maintained , 
<f  a  mine  becomes  rapidly  deteriorated  by  chemical  combinations 
ads.  Strata  of  air.  carburetted  hydrogen,  and  carbonic  acid  gas. 
ly  met  with  in  mining  operations ;  the  dilfusion  proceeds  very 

an  active  cnrrent  of  pure  air  is  required  to  mix  with  and 
The  breathing  of  the  men  and  horses,  and  the  products  of 
:>f  the  Ughts,  abskact  oxygen,  and  evolve  carbonie  add  gas, 
1  aqueous  vapour.  Oxygen  is  also  absorbed  by  the  decompoai- 
ins  mineral  substances,  especially  sulphurets  and  protoxides, 
y  water ;  and  by  the  decay  and  fermentation  of  timber  and  ommal 
ch  accumulate  in  underground  workings.  Varions  compounds 
ydrogen.  and  sulphur  ore  thus  thrown  off  into  the  air  of  the 
nitrogen  which  is  found  mixed  with  the  caibnretted  hydrogen 
n  the  pores  of  coal  Beams,  and  the  formation  of  carbonic  acid 
wal-mines,  are  evidences  that  the  coal  undergoes  decompoailion, 
s  in  impoverishing  the  ^  of  its  oxygen. 

;xed  figure  represents  the  specific  gravi^  of  the  various  gases,  and 
positione  they  usually  occupy.  Among  other  products  injnrioos 
'b  health  ore  the  uncombined  carbon  arising  from  bad  candles  or 
1,  the  miasmata  arising  from  perspiration  and  animal  exnviie,  and 
loke  of  the  powder  used  in  blosttng.  Carbonic  acid,  carburetted 
irbonic  oxide, 
I  sidphuietted 
ogether  with 
f  sulphur,  and 

fonning  the 
he  prodnctfl  of 
ration.  The 
the  powder 
3  not  earned 
ve  ventilation, 
»  prevent  the 


ts  of  breaQiing  in  a  confined  space  are  readily  %£ipi«^ta&  m  &  \ 
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mine :  the  miner's  head  is  near  the  roof,  where  the  heated  gases  atagnato  to  an 
extent  so^aetimes  sufficient  to  extinguish  a  candle,  althoii|^  it  would  bum 
freely  if  placed  on  the  floor  of  the  mine,  a  few  feet  below.  ^Die  aetian  of 
breathing  may  be  appropriately  termed  the  ventilation  of  the  blood.  The  ex- 
pansion of  the  chest,  by  the  powerful  muscles  appropriated  to  the  adiaii  of 
the  lungs,  produces  a  partial  vacuum  sufficient  to  inhale  a  i>ortkm  equal  to 
about  one-tenth  of  the  air  already  contained  in  the  chest  Aided  by  the  dm* 
lation  caused  by  a  rapid  change  of  temperature,  the  oxygen  is  brought  into  oofr 
tact  with  those  delicate  labyrinthine  tissues  (the  surface  of  which  is  variooify 
estimated  at  from  fifteen  to  four  hundred  square  feet),  where  the  ozidatkB 
of  the  particles  of  blood  is  eflected.  The  average  of  a  number  of  experi- 
ments by  Vicrordt,  Idebig,  and  Lehmann,  gave  320  cubic  inches  as  tiie 
quantity  of  air  inhaled  per  minute ;  of  which  10  per  cent.,  consisting  of 
oxygen,  is  consumed  by  the  limgs,  and  7*7  to  8*5  per  cent,  of  carbonic  wdi 
gas,  besides  aqueous  vapour,  are  expired.  The  weights  and  quantities  an 
tlius  given  by  Dr.  Reid : — Time,  1  minute.  Niunber  of  respirations,  20.  Air 
iuhaled :  volume,  820  cubic  inches ;  weight,  90*24  grains.  Oxygen  oouBomed: 
volume,  32  cubic  inches ;  weight,  10*94  grains.  Carbonic  acid  dischaiged: 
volume,  25  cubic  inches ;  weight,  11*82  grains.  Carbon  evolved :  wei^t,  3iT 
grains.  Oxygen  in  carbonic  acid,  8*55  grains.  Oxygen  unaccounted  lor  1^ 
weight,  2*40  grains.    Watery  vapour :  weight,  3*20  grains. 

The  oxygen  inhaled  produces  a  slow  combustion,  and  the  oxidaliiiii  ii 
tlie  process  of  breathing  causes  a  mild  and  genial  warmth  throu^umttiii 
frame.  All  vital  activity,  according  to  Liebig,  is  derived  from  the  mtail 
action  of  the  oxygen  and  the  food.  The  fourteen  ounces  of  carbon  which  an 
daily  burnt  into  carbonic  acid,  must  be  taken  in  food.  A  horse  bums  ninfl^ 
seven  ounces  daily,  consuming  for  this  purpose  thirteen  pounds  three  oonoa 
of  oxygen.  The  food,  therefore,  should  be  in  direct  ratio  with  the  BOjpftj^ 
oxygen.  These  conditions,  joined  T\dth  a  due  proportion  of  sleep,  eniJile  ft 
man  to  perform  a  daily  task  equivalent  to  carrying  thirty  pounds  a  distnce 
of  72,000  feet.  Any  causes  wliich  disturb  this  balance,  produce  a  dinrir"*^ 
in  tlie  average  amount  of  work  performed. 

According  to  the  experiments  of  Dr.  Wehrle  of  Vienna,  the  oxygen  cob- 
Biimed  by  a  candle  per  minute  amounts  to  160  cubic  inches,  and  the  caiboiuB 
acid  formed  to  4*2  cubic  inches.  Wlien  the  quantity  of  oxygen  is  re^UM^ 
from  twenty-one  per  cent,  to  eighteen  or  sixteen,  an  ordinary  miner's  li^ifl 
extinguished ;  an  Argand  lamp  will  bum  until  the  proportion  is  reduced  to 
sixteen  per  cent. 

According  to  Professor  Hunt's  analysis  of  air  fix)m  di£fer«nt  parts  of 
the  Consolidated  Mines  in  Cornwall,  the  amounts  of  oxygen  were  deficunt 
by  4*75,  4,  8*5,  1*85,  3,  and  3*25  per  cent.  The  average  of  flig>*t4^ti  sao^lflS 
of  air,  taken  from  different  mines  in  Cornwall,  was 

Oxygen  .  .  .  17*007  per  cent.  .  .  3  933  deficient 
Nitrogen  .  .  .  82848  per  cent.  .  .  3848  in  excess. 
Carbonic  acid     .         085  per  cent. 
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iz  others — 

Oxygen     .    . 

Nitrogen  .    . 
Carbonic  add 


1*66  deficient 
0'25  deficient. 
1*90  iQ  excess. 


,  .  10*34  per  cent.  . 
.  .  78*75  per  cent.  . 
,    .      1*00  per  cent    . 

Hie  quantities  of  carbonic  acid  gas  in  these  cases  may  have  been  actually 
Br,  being  partly  absorbed  during  the  experiments.  Traces  of  sulphuretted 
ragen  and  sulphurous  acid  were  also  found.  In  the  mines  of  the  Hartz 
following  are  the  results  of  accurate  analyses  of  the  air  by  Brockman : — 


Deficiency. 

Excett. 

No.  1, 1*80  per 

cent. 

oxygen    . 

.    1*8   per 

cent  carbonic  acid. 

No.  2,  1*94 

.     1-77 

No.  3,  0*73 

.     1*04 

No.  4,  2*20 

.     2*88 

No.  5,  0-20 

.     0*67 

No.  6,  0-21 

.     0*72 

In  all  these  cases  candles  could  bum,  and  numbers  3  and  5  were  consi- 
id  samples  of  tolerable  ventilation.  It  is  not  uncommon  to  meet  with 
aoces  in  mioes  of  men  working  in  the  dark,  from  the  supply  of  oxygen 
ig  inadequate  to  keep  candles  alight ;  and  many  instances  might  be  quoted 
nen  sacrificing  their  lives  in  these  attempts.  In  the  endeavour  to  keep 
dies  burning,  the  fibres  of  the  wick  are  spread  out  with  the  thumb-nail, 
candles  are  held  horizontally,  and  several  are  tied  together ;  after  every 
blows  with  the  pick  or  sledge,  the  miner  turns  to  trim  the  wick  anew. 
me  privations,  being  unaccompanied  with  any  acute  pain  to  the  miner, 
ite  only  a  sensation  of  lassitude,  and  difficulty  of  prolonged  exertion,  for 
time ;  but  often  is  the  melancholy  remark  to  be  heard  from  men,  young 
eaxs  but  broken  in  health  and  incapable  of  labour — **  I  worked  a  month 
long  in  poor  air.*'  It  is  therefore  certain  that  the  deficiency  of  oxygen 
I  injurioualy  on  the  miner's  health,  before  he  is  able  to  appreciate  the 
iniahed  intensity  of  the  light  of  his  candle  with  his  eye.  According  to 
Bird,  a  deficiency  of  two  per  cent,  has  been  known  to  be  destructive 
tnimal  life ;  and  according  to  Wehrle,  a  deficiency  of  six  per  cent,  will 
anally  cause  suffocation;  and  yet  the  ordinary  practice  is  to  drive  a 
eij  or  opening  as  far  from  the  current  of  air  as  the  condition  of  light  will 
nit — a  distance  varying  from  20  to  100  yards,  as  it  is  termed,  *'  in  advance 
bbeair." 

A  simple  means  may  be  employed  for  measuring  the  value  of  the  air  for 
Ltazy  purposes  in  the  working-places  of  mines,  by  placing  a  wide-necked 
de,  inverted  over  a  candle  passed  into  the  cork,  first  in  the  pure  air,  and 
rwards  in  each  working-place.  The  time,  in  seconds,  is  noted  during 
ch  the  light  will  bum ;  and  an  arbitrary  scale  is  thus  obtained  between 
e  air,  and  air  in  which  the  candle  is  extinguished,  the  degrees  of  which 
in  proportion  to  the  squares  of  the  time.  Similar  results  may  be  arrived 
by  the  combustion  of  phosphorus,  or  of  small  tapers,  the  loss  in  weight 
Ach  being  accnxately  measured. 
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The  anecdote  of  the  fifty-six  monkeys  dying  in  the  Zoological  Gardens  in 
a  large  domed  roof,  ventilated  only  along  the  floor,  illustrates  the  effect  an 
animal  life  of  a  stagnant  atmosphere.  To  just  such  an  atmosphere  is  flu 
miner  mmecessarily  condemned.  One  remark,  generally  made  during  the 
cl^olera  epidemic,  pointed  to  the  wi^t  of  thorough  ventilation  as  the  distin- 
guishing mark  of  those  houses  visited  \dth  its  severest  attacks.  It  ii 
also  the  opinion  universally  expressed  by  medical  men,  mining  enginesa, 
and  all  who  have  investigated  the  subject,  that  the  large  amount  of  diseHe 
amongst  miners  is  caused  by  the  deficiency  of  the  vital  element.  Dr.  Huui 
observes : — "  Placed  in  favourable  circumstances  for  observing  two  kinds  of 
working-miners  in  two  distinct  kinds  of  coalmines — ^the  colliers  of  Dor,  when 
the  ventilation  is  good,  and  those  of  Flcnu  (Belgium)  where  it  is  slow  tnd 
often  neglected — I  have  arrived  at  the  conviction  that  there  existed  among 
them  an  external  physical  difference,  readily  appreciated  by  the  eye,  to  sndt 
a  degree  that  I  could  point  by  the  finger,  when  surrounded  by  workmen,  to 
those  who  work  at  one  or  at  the  other  description  of  mine.*' 

Vndergvonnd  Oases. — Tlie  nitrogen  in  air  is  simply  incapable  of  Re- 
porting respiration,  whereas  carbonic  acid  gas  is  an  active  poison.    Of  tidi 
gas  8' 5  cubic  feet  weigh  1  lb.    Lights  are  extinguished  when  the  propoi^ 
tion  in  tiio  air  amounts  to  from  five  to  eight  per  cent.,  and  at  the  latter 
point  sufTocation  ensues.    An  excess  of  l-500th  in  the  surface  atmosphere 
begins  to  exercise  an  injiuious  effect ;  and  the  presence  of  one  per  eenL 
indicates  air  of  very  inferior  quality.    The  presence  of  carbonic  add  gash 
mines  is  generally  accompanied  by  an  excess  of  nitrogen,  from  the  oxygen 
being  taken  up  in  the  formation  of  the  acid :  in  estimating  the  limit  wi^ 
which  life  is  possible,  an  excess  in  the  air  of  3  per  cent,  of  nitrogen  -f  4  per 
cent,  of  carbonic  acid  gas,  may  bo  assumed  as  producing  suffocation.    Car 
bonic  acid  gas — called  also  black-damp,  choke-damp,  stythe,  or  sulphur- 
is  found  chiefly  in  the  old  works,  "  goafe"  or  **  deads,'*  of  mines.    It  is  gba 
off  in  great  abundance  by  most  coal-mines,  and  by  many  lead-mines.    It  ii 
the  gas  of  the  Grotto  del  Cane;  and  the  Pontgibaud  lead-mine  in  the  Pajde 
Dome  is  remarkable  for  the  difficulty  of  removing  it  by  ventilation.    In  this 
mine,  on  first  starting  the  pumps,  the  pressure  of  the  gas  with  which  the  air 
was  impregnated  was  sufficient,  on  being  suddenly  liberated  by  agitation,  to 
raise  a  column  of  water  several  yards  in  height.     Water  will  absorb  aa 
equal  volume  of  the  gas.  Old  workings,  shafts,  and  drifts  in  mines,  especially 
those  which  have  an  outiet  only  on  the  upper  side,  should  always  be  entered 
with  great  caution,  from  the  probability  of  their  containing  this  gas.    A  li^i 
should  first  be  introduced ;  and  if  it  is  extinguished,  means  should  be  taken 
to  absorb  the  gas  either  by  water  or  lime-water ;  but,  better  still,  by  intro- 
ducing a  current  of  atmospheric  air.  If  in  the  bottom  of  a  well  or  shaft,  agitSr 
tion  may  be  produced  sufficient  to  mix  it  with  the  air,  by  dropping  repeatedly 
bundles  of  brushwood  or  straw,  attached  to  a  cord.    In  a  recent  instance,  at 
the  Parkfield  Colliery,  two  men  were  overcome  by  carbonic  add  gas,  which 
stood  in  an  ascending  drift.    It  was  only  by  great  exertion,  and  after  fifteen 
honxa*  labour,  that  forty  yards  of  this  gas  could  be  passed  throng  and  the 
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bodies  recovered,  by  two  men  holding  one  end  of  a  two-inch  gutta-percha 
tube  close  to  their  mouths,  whilst  the  air  was  supplied,  at  the  other  end,  by 
means  of  a  blacksmith's  bellows. 

CarhuretUd  hydrogen — ^the  fire-damp  of  mines,  given  off  also  from  stag- 
unt  pools  and  marshes — ^is  composed  of  two  volumes  of  hydrogen,  and  one  of 
carbon,  condensed  iato  one  volume :  mixed  with  more  tlian  twice  its  quantity 
of  air,  this  gas  can  be  inhaled  without  producing  suffocation ;  but  the  intro> 
doction  of  flame,  or  iron  approaching  a  white  heat,  will  explode  the  mixture. 
With  less  than  twice  its  bulk  of  air,  carburctted  hydrogen  will  not  explode,  but 
will  bom  or  extinguish  any  other  light  introduced  into  it.  When  the  propor- 
tion of  this  gas  forms  one-thirtieth  of  the  air  in  a  mine,  Uie  miner  begins  to  per- 
ceive a  pale  blue  halo  encasing  the  upper  portion  of  the  flame  of  his  hght :  this 
is  caused  by  the  combustion  of  the  gas  immediately  in  contact  with  the  flame. 
This  and  the  heat  generated  thereby,  cause  the  flame  to  flicker  upwards  to  a 
length  of  six  inches  and  more,  as  the  proportion  of  tlie  gas  increases  to  one- 
fifteenth,  when  it  suddenly  explodes.  The  explosion  takes  place  most 
rapidly,  and  with  the  greatest  force  when  the  air  contains  one-seventh  or  one- 
ei(^th  of  carburetted  hydrogen ;  but  further  additions  diminish  this  intensity. 
The  fire-damp  of  mines  contains  nitrogen,  which  affects  the  above  proportions ; 
and  the  presence  of  one-seventh  cither  of  tliis  gas,  or  carbonic  acid  gas,  will 
neutralize  the  most  explosive  mixture.  It  is  on  the  slight  and  insufficient 
warning  given  by  this  halo  or  **  cap,"  that  the  safety  of  fire-damp  mines 
usually  depends.  A  small  increase  in  the  escape  of  gas  from  a  fissure,  or 
from  pressure  on  the  face  of  the  coal,  the  partial  obstruction  of  an  air-way,  or 
the  leaving  open  of  a  door,  will  in  a  few  minutes  produce  a  change  of  one- 
thirtieth  in  the  composition  of  the  air,  and  bring  it  up  to  the  explosive  point. 
To  render  the  halo  more  appreciable,  the  miner  draws  down  the  wick  to 
liiniiniah  the  flame,  and  shades  the  light  of  the  lower  part  of  the  flame  with 
his  hand.  As  increased  combustion  from  the  presence  of  fire-damp  has  com- 
menced before  it  thus  becomes  appreciable  to  the  eye,  the  ^vriter  has  fitted  a 
qnral  compound  metal  thermometer  to  the  top  of  a  safety  lamp,  which  iadi- 
cates  the  first  accession  of  temperature,  and  also  offers  a  wide  scale  on  which 
the  proportions  of  fire-damp  may  be  quickly,  though  rouglily ,  estimated  under- 
ground. The  falling  of  the  thermometer  will  iadicate  the  existence  of  irrc- 
spirable  gases. 

Carburetted  hydrogen,  when  met  with  in  metalliferous  mines,  has 
generally  proceeded  from  the  decomposition  of  vegetable  matter.  It  is 
occasionally  met  with  in  salt  mines :  and  in  China,  according  to  the  Abbo 
Imbert,  the  gas  has  been  obtained  by  boring  to  depths  extending  to  000 
yards,  to  be  employed  for  evaporating  the  brine.  These  boiings,  originally 
executed  for  brine  springs,  having  discharged  Uie  gas,  it  is  probable,  that  on 
being  caxiied  to  a  greater  depth,  the  coal  measures  which  frequently  underlie 
the  saliferous  new  red  sandstone  had  been  accidentally  penetrated. 

f^iie-damp,  the  general  name  for  the  impure  carburetted  hydrogen  foimd 
in  coal  mines,  impregnates  even  some  of  the  silicious  and  argillaceous  rocks 
interstratified  with  the  coal ;  but  it  is  chiefly  from  Uio  pores  ox  ccWa  oi  Mlci^  \ 
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coal  itself  that  it  exudes.  The  rapidity  and  force  of  tlie  escape  prodnee  a 
**  singing  "  or  whistling  noise,  sometimes  as  lond  as  that  of  letting  off  stetm 
from  a  boiler.  The  pressure  has  been  found  by  Mr.  T.  J.  Taylor,  and  othen, 
to  exceed  four  and  a  half  atmospheres ;  and  on  the  miner  cutting  unexpectedly 
into  fissures,  or  faults,  the  pcn^up  gas  has  occasionally  discharged  itself  in 
enormous  quantities  into  the  worldngs.  At  the  WaBsend  collieiy  a  goaf  of 
fifty  acres  in  the  Bensham  scam,  from  which  the  pillars  of  coal  were  -j^aGaBj 
removed,  has  in  the  last  twenty-two  years  discharged  through  a  pipe  leading 
to  the  surface,  a  bulk  of  fire-damp  equal  to  seventy  times  the  volmne  of  the 
coal  which  originally  stood  there.  This  amount  of  gas,  which  forms  no  excep- 
tion to  the  general  rate  of  discharge  in  many  collieries,  can  only  have  bea 
derived  from  other  scams  by  filtration  through  the  strata.  Whether  fire- 
damp ordinarily  exists  in  situ  in  a  highly  compressed  state,  or  is  giveii  off 
by  the  chemical  decomposition  of  the  coal  under  diminished  pressure  on  the 
access  of  air,  are  problems  not  yet  solved ;  nor  is  the  presence  of  nitrogen  in 
all  fire-damp  (derived  as  it  must  be  from  the  air)  satisfactorily  explained. 
Vessels  have  been  blown  up  thousands  of  miles  fr^m  Englidi  ports,  hj 
gas  continuing  to  escape  from  tlic  coal  after  shipment,  and  collecting  in  the 
hold.  A  terrific  explosion  occurred  recently  in  the  Cardiff  docks,  by  whidi 
tlie  vessel  was  destroyed  and  sunk.  The  force  of  the  concussion  was  felt  at 
a  distance  of  six  miles. 

All  coals  contain  by  analysis  a  proportion  of  hydrogen,  varying  from  H 
up  to  7  per  cent. ;  and  from  the  bituminous  down  to  the  anthracite,  firedamp 
is  given  off.  The  most  abundant  escape  of  fire-damp  is  not  from  the  most 
bituminous  coals ;  and  some  of  the  bituminous  varieties,  generally  those  which 
contain  most  oxygen,  discharge  carbonic  acid  gas  in  lieu  of  fire-damp. 

Fire  damp  being  little  more  than  half  the  weight  of  air  (24  cubic  feet  to 
1  lb.) ,  collects  in  the  upper  part  of  the  gaDerics  and  hollows  left  in  the  roof. 
In  order  to  dilute  and  remove  it,  it  is  necessary  to  introduce  an  active  current 
of  air,  wliich  is  sometimes  directed  upwards,  by  part  of  a  door  or  some  obstnw- 
tion  placed  across  tlie  lower  part  of  the  opening ;  the  outlets  for  the  cuirent 
of  air  and  gas  ought  to  be  left  at  the  liigher  part  of  the  works. 

Bihydro-Carhon. — defiant  gas  is  composed  of  two  volumes  of  hydrogoi 
and  two  of  vapour  of  carbon  condensed  into  one.  This  gas  has  not  been 
satisfactorily  proved  to  exist  in  any  English  coal  mines;  but  Bisehoff 
detected  it  in  small  quantites  in  the  Gerhard  and  other  mines  near  Sarrebmck, 
and  in  considerable  quantities  in  a  lignite  mine  in  Schaumburg.  In  the  latter 
case,  Davy  lamps,  with  a  gauze  of  a  finer  mesh,  were  said  to  be  required ;  bat 
the  severe  practical  test  to  which  the  gas  in  the  Gerhard  mine  was  put  in  the 
presence  of  the  writer,  indicated  that  no  quantity  of  olefiant  gas  was  present 
sufiicient  to  render  the  fire-damp  more  explosive  than  usual.  No  analyses  of 
the  gases  from  mines  have  hitherto  detected  the  presence  of  hydrogen,  which 
has  been  supposed  by  some  persons  to  render  the  gas  of  particular  mines 
more  than  usually  inflammable.  A  small  proportion  would  suffice  to  effect 
this.  Common  street-gas  is  composed  of  20  per  cent,  of  hydrogen,  10  of  ole- 
fiant gas,  CO  of  carburetted  hydrogen,  and  10  of  carbonio  oxide ;  this  conse-  I 
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(oeatly^  explodes  mnoh  more  quickly  than  fire-damp,  and  at  a  lower  tempera^ 
sre.  For  this  reason  all  the  experiments  which  have  been  made  with  coal- 
^M  on  safBty-lamps,  are  deceptive,  tending  to  bring  into  disrepute  lamps 
irfaidi  would  be  perfectly  safe  underground.  Scientific  men  have  thus,  witli 
philanthrophic  objects  at  heart,  aided  in  encouraging  prejudices,  which  con- 
liniie  annually  to  cause  a  fioarfiil  sacrifice  of  life. 

Sulphuretted  hydrogen,  composed  of  equal  volumes  of  vapour  of  sulphur 
nd  hydrogen,  condensed  into  one  volume,  exercises  an  extremely  deleterious 
■etioii  QU  the  respiratory  functions;  it  is  the  most  active  of  the  gaseous 
poisons  fbundin  mines,  where  it  is  known  under  the  name  of  * '  white-damp."  It 
seems  to  act  upon  the  blood  in  depriving  it  of  the  elements  necessary  for 
proper  respiration.  1-1 5000th  part  in  the  air  is  supposed  to  act  injuriously 
on  the  constitution ;  l-250th  part  has  been  known  to  kill  a  horse ;  1-1 500th  a 
bird.  It  arises  from  mineral  springs,  from  the  decomposition  of  minerals,  sucli 
as  iron  pyrites  and  the  excrementitious  matters  which  accumulate  in  the  neigh- 
bourhood of  working  roads,  or  places  inhabited  for  many  years  continuously. 
Water  will  take  up  three  times  its  own  bulk  of  this  gas.  Its  existence  may 
be  detected  by  its  blackening  white-lead,  or  paper  dipped  in  sugar  of  lead,  and 
dried.  This  gas  is  not  unfrequently  met  with  in  entering  old  workings,  and 
in  most  mines  where  the  means  of  ventilation  are  very  defective.  It  explodes 
at  a  lower  temperature  than  fire-damp,  and  the  ordinary  Davy-lamp  is  there 
fore  not  a  sufficient  protection.  The  peculiar  smell,  resembling  that  of  rotten 
eggB»  indicates  its  presence ;  and  no  attempt  should  be  made  to  pencti*atc 
places  where  it  is  perceived,  imtil  they  have  been  thoroughly  ventilated. 
Occasionally  it  commits  great  ravages  on  the  health  of  the  workmen.  At 
Yanneaox,  near  Mons,  water  dropping  from  the  roof  of  the  mine  raised 
lumpB  on  the  skin ;  and  its  effects  were  severely  felt  also  at  Wasmcs,  Tur- 
Inpu,  and  Jemmapes.  The  attention  of  medical  practitioners  in  all  mining 
districts  should  be  directed  to  it,  as,  although  three  per  cent,  of  it  may  be 
temporarily  breathed  without  suffocation,  a  very  minute  proportion  would  iu 
time  destroy  health. 

Sulphurous  acid  gas  has  been  detected  in  the  air  of  the  mines  in  Cornwall 
and  other  places ;  and  it  is  frequently  found  in  the  water,  which  occasionally 
contains  also  sulphuric  acid.  It  is  one  of  the  products  of  blasting ;  but 
judging  from  the  atmosphere  of  Swansea,  where  the  copper-works  impregnate 
the  air  with  it,  the  injurious  action  on  the  human  frame  appears  to  be  but 
small.  Miners  are  occasionally  destroyed  by  this  gas  mixing  with  carbonic 
oxide,  and  the  other  products  caused  by  the  firing  of  timber  or  coal,  or  by  tlic 
^ontaneous  combustion  of  old  goafe  and  wastes.  The  accidents  which  have 
occurred  show  that  peculiar  caution  is  required  in  approaching  xmderground 
fires.  The  heaps  of  small  coal  left  underground  in  some  mines,  especially  of 
those  seams  which  contain  much  oxygen  or  iron  pyrites,  are  apt  to  take  fire 
from  die  heat  produced  by  decomposition  with  moisture.  These  wastes  must 
eitlier  be  dosed  from  the  contact  of  air,  as  is  done  at  the  Moira  collieries,  by 
Bir-ti|^  puddled  day  walls ;  or  they  must,  from  the  time  the  coal  is  first 
removed,  be  tneky  ventilated  in  every  part.    Salts  of  vaiioiia  metals,  »ic\i  V 


Bs  EiDC,  iron,  arsenic,  Ac,  ma;  frequently  be  fon&d  cryslailiring  on  the  mi- 
focca  of  nick  in  mines,  being  deposited  bj  the  vapoura  given  off;  botthi; 
produce  no  i^juiiouB  effect  tvbich  moderate  ventilation  will  not  remore.  Ubi- 
curial  vapoors  are  perhaps  the  only  undcrgronnd  emanations  which  a  nell'diB- 
tribulJid  current  of  pure  air  will  not  tender  altogether  innocuous. 

Tempaiatttz*,  PxaMote,  Btolatns*,  uid  Dnrt. — The  tempeialan  of 
tho  lock  increasing  according  to  the  depth,  afiTecte  both  the  health  and  lahoni 
of  the  miner,  and  pla^  un  important  part  in  the  venlilatioii.  The  extean^ 
experiments  of  Ur.  W.  J.  Kenwood,  conducted  In  the  Cornish  minM,  ■>■ 
summed  up  in  the  following  tabic,  which  exhibits  the  difference  betwem  Ua 
temperatures  of  granite  and  Klate  rocks : — 

Tempcntni* 
Diptb  In  Fathanu.  In  Slate.  In  Onalla. 

Suriikcoto    50 67° 51-8 

BO  to  100 ei3 55-6 

100  to  ISO 08      .....     68-5 


200  and  upi\'8rda  . 


c ei-8 

The  depths  causing  increments  of  temperature  of  one  degree  ore  ffirea  in 
tlie  next  table,  cumincuciug  mlh  a  normal  temperature  at  the  surface  of  iff, 
wliich  corresponds  nearly  witli  tlic  Icmperaturc,  l)U°,  observed  in  the  eavtt  of 
tlie  Observatory  at  I'aria,  at  a  depth  of  nijiety-two  ieet. 


Snrfsce  to  &0  fiithoms 
DO  to  100  fallioms    .     . 
100  to  150  fathoms 
KiO  to  auOfalhoms 
300  fathoms  and  beyond 


"i     6-1     O'S     ft'7     7-3     6-0 


The  temperature  of  Uie  water  issuing  from  the  Artesian  well  of  Grenclte, 
COO  yards  in  depth,  is  m",  being  an  increase  of  1°  per  5tt  feet  in  depth.  The 
result  of  a  seriea  of  experiments  at  the  Dukinfieid  deep  pit,  in  Lancashire, 
gives  I'per  Ql  feet  as  tlie  increment  of  IcmperaturB,  The  mean  of  a  number 
of  obaervationH  on  aprings  issuing  in  the  collieries  of  the  north  of  En^and, 
gives  1°  for  iH  fi^et  in  depth ;  whilst  for  several  mines  in  Saxony,  Hnelgoat 
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n  Bxittanj,  Gnanaxuato  in  Mexico,  and  a  shaft  in  Siberia,  the  depths  cor- 
lespondiog  to  this  alteration  in  the  temperature  of  the  rock  of  the  mine  are 
e^ectivelj  77  fiset,  47  feet,  30  feet,  and  30  feet,  exhibiting  considerable  yari- 
ttiona,  which  local  drcnmstances  will  in  some  measure  explain.  An  isother- 
oal  line  near  the  earth's  eartace,  in  passing  under  a  mountain,  mil  be  de- 
lected from  its  course  without  attaining  parallellism  to  the  outline  of  the 
nonntain  Tin  lodes  are  generally  some  degrees  cooler  than  copper  lodes  at 
he  same  depth ;  and  an  unusually  high  temperature  is  ordinarily  accepted 
IS  an  indication  of  large  deposits  of  copper.  An  example  of  this  has  been 
iresented  for  several  years  in  the  north  or  hot  lode  of  the  united  mines, 
rhere  springs  enter  at  temperatures  even  as  high  as  110**,  at  a  depth  of 
120  fathoms.  In  consequence  of  the  insufficient  ventilation  (hardly  adequate 
o  keep  a  candle  alight),  the  temperature  of  the  air  in  which  the  men  worked 
raried  from  100**  up  to  113**.  Three  relays  of  men  relieved  each  other  at 
ntervals  of  five  minutes ;  and  on  coming  out  were  deluged  with  water  issuing 
ii  a  temperature  of  85°  from,  a  four-inch  pipe. 

The  small  quantity  of  air  supplied,  was  heated  to  9^""  before  it  was  sent  in 
hrough  a  pipe ;  whereas  ten  times  the  amount  of  air  taken  at  75°  from  another 
part  of  the  mine  might  have  been  readily  carried  into  the  level  end,  so  as  to 
keep  the  temperature  of  the  working  places  below  85''.  Fifteen  minutes 
n  this  atmosphere  is  sufficient  to  produce  the  sensation  of  feunting — ^in  one 
instance  it  resulted  in  death ;  and  the  cost  of  driving  the  levels  is  multiplied 
lot  less  than  twelve  times,  by  the  neglect  of  the  proper  means  and  appliances 
br  ventilation.  The  miners  on  returning  to  tibe  surface  from,  this  mine, 
mffisr  extremely  from  cold  and  pains  in  the  joints.  Humanity  recoils  at 
his  unnecessary  waste  of  health  and  life. 

The  temperature  of  the  air  in  Cornish  mines,  at  great  depths,  has  been 
generally  found  to  exceed,  by  some  degrees,  the  temperature  of  the  lode ;  this 
am  only  be  attributable  to  the  heat  given  off  by  the  men  and  the  lights, 
lad  is  a  proof  of  the  stagnant  state  of  the  air.  Thus,  in  Tresavean  the 
ock,  at  204  fathoms,  exhibited  from  83*'  to  85'' ;  the  air  80^  In  the  Consoli- 
lated  Mines  in  Cornwall,  at  250  and  287  fathoms,  the  temperature  of  the  rock 
ras  80"*  and  03"* ;  the  temperature  of  the  air  respectively  ST*  and  94"*.  At  the 
Id4  fathom  level  the  air  stood  at  from  04°  to  90°,  whilst  the  rock  exhibited 
^'H"*  to  93^°.  The  air  in  these  two  mines  has  been  observed  at  temperatures 
iS  high  as  95°  and  98°  respectively.  In  the  Monkwoarmouth  Colliery,  the 
leepest  coal-mine  in  England,  at  300  fathoms  the  returning  air  has  been  known 
0  reach  89°,  although  its  ordinary  range  is  from  78*"  to  80° ;  but  it  is  remark- 
kble  amongst  the  great  north  of  England  coUieries  for  the  small  and  inade- 
[uate  amount  of  fresh  air  which  can  be  passed  up  and  down  its  single 
haft. 

The  workingB  are  from  800  to  1200  yards  distant  from  the  bottom  of  the 
haft.  The  return-air  of  well- ventilated  mines,  whilst  the  men  are  at  work, 
aries  ordinarily,  at  a  depth  of  400  yaids,  between  02°  And  68^,  which  repre- 
ent  the  temperature  of  the  working- places,  either  in  summer  or  winter.  The 
MM  in  the  amount  of  work  performed  at  l^gh  temperatoxes,  offera  «l  \bix%q  "^t^  \ 
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mium  for  attention  to  nnderground  ventilation ;  and  yet  perimpB  not  one  in 
ten  of  the  managers  of  mines  understands  the  principlas  ^diieh  govern  the 
motions  of  the  atmosphere.  Coulomb  caused  extensive  wcxkB  to  be  cMCrted 
by  the  troops  at  Martinico,  where  the  thermometer  is  seldom  lower  than  71*  d 
Fahrenlieit  "I  haye  executed,"  he  says,  "works  of  the  same  Idiid  by  the 
troops  in  France,  and  I  can  affirm  that  under  the  fourteenth  d^ree  of  latitiide. 
where  men  are  almost  always  covered  with  perspiration,  they  ore  not  cKgtkii 
of  doing  half  the  work  they  could  perform  in  our  climate." 

Tlic  following  table  illustrates  the  changes  of  temperature  exhflnled  bj 
the  air  in  passing  tlirough  the  Marquis  Pit: — 


At  the  surface 

At  120  yanls  dooi) 

At  246  yards  de<?p 

Horse  road  between  shaft  and  work 

The  workings 

In  the  gobbing  or  floor  .... 
Salt  water  in  tlie  air-wa}'  .... 
Li  the  egress  air-way 


Men  and  lads  in  the  pit 

Horses 

Candles  lighted    .     .     . 


Fah. 
79' 
78 
G8 

73 


Fah. 

er 

00 
50 
00 
09 
07 
63 
00 

81 
21 
90 


Fah. 

br 

55 
55 
00 
07 
08 
01 
08 

81 

21 

100 


Fab. 
50* 
51 
53 
57 
08 
08 
01 
07 

80 
21 


Fih. 

55* 

50 
58 
60 
69 
65 
60 
68 

80 
23 


100    1 100 


In  districts  where  ventilation  is  not  understood,  it  is  commonly  asserted 
by  miners  and  others,  that  the  deeper  the  mine  the  more  difficult  the  ventila- 
tion ;  when,  as  will  presently  be  shown,  the  contrary  is  the  case.   Many  parts 
of  the  deep  metalliferous  mines  are  altogether  abaiidoned  in  consequenee  of 
the  poor  air  and  high  temperature.   That  this  is  neither  due  to  the  heat  oommii* 
nicated  by  the  rock,  however  deep  the  shaft,  nor  to  the  thousands  of  yards  wfaieh 
it  may  be  indispensable  for  the  air  to  travel  before  it  reaches  the  surfMe, 
may  be  illustrated  by  on  experiment  at  the  Seaton  Colliery.    The  shaft  wu 
260  fathoms  in  depth  and  14  feet  in  diameter,  divided  in  the  middle  by  an 
air-tight  partition  ("brattice").     The  mine  had  not  been  worked  for  two 
years.     The  length  of  the   air-course   imderground  was  1012  yards,  and 
the  area  of  the  passage  24  square  feet.    The  surface  of  the  air-course  exposed 
to  the  air  was  00,720  superficial  feet,  at  a  temperature  of  80*.    The  air  at  the 
top  of  the  shaft  was  at  44°,  which  rose  to  49}"  as  it  reached  the  bottom  of  the 
shaft.    7000  cubic  ficyet  of  air  per  minute  passed  through  the  air-course ;  and 
although  exposed  in  its  passage  for  ten  minutes  to  surfaces  of  rock  30*  hi|^r 
in  temperature,  it  only  gained  d>*  in  travelling  upwards  of  half  a  mile  firom 
shaft  to  shaft.    The  air  gained  5}''  in  descending,  according  to  the  usual  role 
of  l"  increase  of  temperature  for  every  300  feet  of  descent,  due  to  the  increased 
pressure  of  the  air,  which  it  again  lost  on  returning  to  the  surface,  where  it 
exhibited  a  temperature  of  40^. 

According  to  the  experiments  of  Desprotz,  a  miner,  on  the  aven^,  gites 
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olf  snrtick»iit  heat  to  raise  34,000  cubic  feet  of  air  at  'yi\  one  dij^'ree  in  toiiipc- 
latnre  j)er  honr.  His  candle  will  communicate  this  temperature  in  the  same 
time  to  26,000  cubic  feet.  The  hcathig  i)ower  of  UO  men  and  tlieir  lights 
would  raise,  therefore,  2000  cubic  feet  of  air  per  minute,  ton  degrees  of 
Fahrenheit,  viz.  51°  to  04*,  the  temperature  of  a  well-ventilated  working- 
jdace.  Without  talcing  into  consideration  the  temperature  of  the  rocks,  H'O 
cnbic  feet  of  air  per  minute  would  be  tlien  required  to  be  supplied  by  tin? 
ventilatiug  current,  and  MIO  cubic  feet  for  a  horse,  in  order  to  keep  the  tem- 
perature of  working-places  "within  proper  limits. 

In  the  ends  where  miners  work,  there  is  often  a  diflerencc  of  several 
degrees  between  the  warmth  of  the  air  at  their  feet  and  at  their  heads,  where 
the  function  of  respiration  is  going  on — an  example  of  the  imperfect  diffusion 
of  gases  which  takes  place,  but  a  means  of  assisting  the  circulation  of  tlie  air, 
provided  the  main  current  were  brought  near  the  workman.  In  hot  mines, 
the  men  are  more  subject  to  take  cold,  cither  from  passing  to  and  fro  into  the 
cooler  incoming  air,  or  in  "walking  home.  The  boys  between  ten  and  fifteen, 
who  bring  out  the  minerals  from  the  working  places,  are  in  a  perpetual 
change  of  temperature,  often  of  20°  every  few  minutes ;  and  consequently 
suffer  in  a  high  degree  from  pulmonary  complaints. 

Although  man  can  bear  for  a  short  time,  without  serious  results  ensuing, 

1  temperatures  varying  from  —  50°  up  to  +  300°  Fah.,  and  pressures  of  three  to 
four  atmospheres  in  a  diving-bell,  or  its  reduction  to  only  half  an  atmosphere 
on  the  summit  of  Mont  Blanc,  we  perceive,  by  the  physical  differences  of  races 
inhabiting  the  temperate  and  torrid  zones,  mountAinous  districts,  or  flat 
countries  nearly  level  with  tlie  sea,  how  large  an  effect  on  the  human  frame 
comparatively  small  atmospheric  differences  may  produce. 

The  pressure  of  tlic  air  in  mines  has  been  shown  to  slightly  augment  the 
temperature,  the  latent  heat  becoming  sensihle  by  compression.  It  also  ex- 
ercises an  almost  inappreciable  effect  in  supplying  more  readily  the  requisite 
quantity  of  oxygen  to  the  lungs.  Tlie  writer  has  sometimes  imagined  tlint 
he  experienced  an  addition  of  strength  from  this  cause,  whilst  in  the  fresh 
tar  at  the  bottom  of  the  deepest  mines  ;•  but  as  tliis  additional  pressure  never 
exceeds  one-tenth  of  an  atmosphere,  the  effect  of  which,  as  regards  the  com- 
pression of  the  oxygen,  would  bo  the  same  as  that  caused  by  a  lowering  of 
the  temperature  of  the  air  at  tlie  surface  by  50**,  it  is  probable  that  it  does  not 
materially  benefit  tho  miner.  Asthmatic  colliers  prefer  working  in  the  Monk 
wearmouth  deep  pit,  to  which  I  have  referred,  feeling  temporarily  relieved ; 
but  this  may  arise  from  tho  high  temperature — liked,  indeed,  by  most  old 
miners,  however  injurious  to  health  and  strength  may  be  the  conditions  which 
attend  it.  The  pressure  of  air  produced  by  a  force-pump  has  been  employed 
for  sinking  several  shafts  on  the  Continent  through  quicksands,  and  the  water- 
bearing marls  of  the  chalk  formation.  The  application  of  this  apparatus 
is  due  to  M.  Triger,  who  applied  it  in  the  year  183«  in  sinking  a  shaft  sixty- 
three  feet  deep  through  quicksand  near  Challonnes-sur-Loire,  which  flowed 
freely  into  any  excavation  attempted  to  be  made  to  reach  the  coal  strata  bo- 
neath.    The  following  Agnres  represent  tho  shaft  and  appaTatua.  N^ 


The  wrou^tiion  tube  A  A,  ibni 
feet  ax  inches  in  diameter,  was  fint 
driven  in  by  a  monkej.  The  wion^it- 
iron  case  B  B ,  in  principle  resembliiig 
a  diTing-bell,  was  lowered  by  the  nqw 
C,  and  Gxed  by  air-tiglit  vradging  *t 
DD.  TbecaaewasprovidedatEandF 
mth  man-doois  openiog  npwaida  and 
downwards,  by  which  the  workmen  en- 
tered the  case  or  passed  through  it  to 
the  bottom  of  the  shaft.  The  pipe  0 
conveyed  the  air  into  the  bottom  of  the 
shaft  nhilst  the  water  which  conll 
not  be  forced  bock  by  the  preasnrt, 
oBcapcd  bythe  pipe  H  to  the  Bni&ca. 
Each  of  these  ^pea  was  furnished 
with  cocks  J  and  K  are  the  cocks  fbr 
equaliBing  the  pressure  of  the  air. 
The  presauie  gauge  and  aafe^-valn 
are  lettered  L  and  M.  After  the  worii- 
men  bed  passed  throogh  the  uppei 
man  door  the  air  in  the  case  and 
underneath  it  was  condensed  by  tba 
air  pump  to  a  pressure  not  ezcMding 
three  and  a  half  abnospheres.  In  *■- 
cending  or  in  removing  the  maleriil 
excav^ed  &om  the  case,  the  lower 
man-door  was  first  closed ;  and  by  tht 
cook  J  m  twenty  minutes  the  presmn 
waa  reheved  and  the  upper  man-door 
waa  opened. 

As  the  shaft  waa  sunk,  lengths  of 
wrought  iron  tnbcing  were  added ;  and 
after  the  excavation  had  penetrated 
SIX  yards  into  the  solid  rock,  sbong 
wooden  curbs  were  joined  into  the 
bottom  of  the  tubeing.  The  effect! 
produced  on  the  miners  working  in 
tliia  atmosphere  were  very  remaik- 
able  In  consequence  of  the  preume 
of  an  speaking  required  an  effort, 
and  the  voice  aseuDted  a  nasal  tone, 
whilst  some  of  the  higher  notes  of 
the  voice  were  lost  altogether.  Itnai 
impossible  to  whistle;  and  one  miner 
somewhat  deaf  could  bear  better  than 
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his  compaiiiOTiB.  The  pulse  was  not  quickened ;  respiration  was  slower,  and 
mote  free;  the  actual  labour  at  the  bottom  or  in  ascending  the  ladders 
was  less  Hian  in  ordinaij  air;  but  all  the  workmen,  with  one  exception, 
were  attacked,  after  quitting  the  apparatns,  with  severe  pains  in  the  joints, 
ildch  required  the  use  of  hot-baths  and  rubbing  with  spirits  of  wine  or  with 
^her  to  remove.  The  combustion  of  the  candles  proceeded  so  rapidly,  and 
created  so  dense  a  smoke,  that  hempen  had  to  be  substituted  for  cotton  wicks. 
On  opening  the  cock  j,. to  allow  the  air  in  the  case  to  escape,  it  was  filled  by 
dense  and  intensely  cold  fog,  caused  by  the  absorption  of  heat  by  the  air  in 
expanding.  The  effects  were  most  injurious  when  the  men  had  made  a  full 
meal,  or  indulged  in  any  excess  before  coming  to  work,  or  when  the  pressure 
of  the  air  was  thrown  on  or  off  too  suddenly.  The  foreman  and  one  of  the  new 
hands  died  from  its  effects ;  and  a  serious  accident  occurred  in  sinking  the 
Douchy  shaft,  near  Valenciennes,  by  the  bursting  of  the  case,  which  caused 
the  death  of  six  men.  This,  and  the  sufferings  of  the  workmen  when  exposed 
to  a  pressure  of  dftths  atmospheres  for  four  hours  successiyely,  have  pre- 
Tented  this  system  from  being  resorted  to  except  in  extreme  cases. 

Moisture. — ^The  air  in  mines  is  charged  with  moisture :  the  hazy  atmo- 
sphere underground,  and  the  appearance  of  the  air  issuing  frt)m  the  mine 
eren  on  a  warm  day,  attest  this.  On  a  hot  summer  day  the  phenomenon  may 
Bomedmes  be  observed  of  moisture  condensed  on  the  inside  of  the  shaft,  and 
on  the  sur&ce  of  the  mine,  in  consequence  of  the  air  cooling  in  its  descent ; 
the  air  being  at  the  same  time  brought  to  the  point  of  saturation  with  aqueous 
Tapour.  Numerous  observations  with  the  hygrometer,  both  in  Belgium  and 
in  England,  exhibit  the  feet  that  the  current  of  air,  however  dry  it  may  have 
entered,  after  it  has  passed  through  the  working  places,  is  nearly  at  the  point 
of  saturation.  The  more  vitiated  the  air,  the  greater  the  amount  of  moisture, 
as  the  following  considerations  will  explain.  A  working  miner  exhales  and 
throws  off  in  perspiration  from  6  to  8  lbs.  of  water  per  day.  Horses  perspire 
more  freely  than  other  animals.  To  be  added  to  these  sources  of  moisture 
is  that  acquired  by  the  air  in  descending  or  traversing  wet  shafts  and  air- 
ways, or  derived  from  the  combustion  of  lights  and  gunpowder.  Dr.  Hanot 
remarks,  that  this  condition  of  the  atmosphere  is  one  of  the  most  hurtful  to 
the  animal  economy.  The  various  functions  languish ;  the  tissues  become 
relaxed ;  the  fluids  of  the  human  body  tend  to  escape,  in  consequence  of 
the  accumulation  of  caloric;  and  soon  the  perspiration  which  the  air, 
abeady  charged  with  humidity,  is  unable  to  cany  off,  streams  down  the 
bodies  of  those  working  under  these  influences.  The  impurity  of  the  air, 
in  its  relation  to  the  health  of  the  workmen  in  the  mines  where  they  work, 
can  be  estimated  from  the  number  of  degrees  of  the  thermometer,  compared 
with  those  of  the  hygrometer;  and  from  the  degree  of  height  at  which  these 
instruments  stand,  a  conclusion  can  be  drawn  as  to  the  degree  of  corruption 
of  the  atmosphere  of  the  mine.  By  a  judicious  use  of  the  thermometer  alone, 
and  observing  its  gradual  rise  in  walking  from  the  shafts  by  which  the  air 
enters  up  to  the  working  places,  the  localities  of  defective  ventilation  may  be 
detected,  as  well  as  the  leakages  of  impure  air  from  old  workings,  which 
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might  otherwise  escape  observation.  It  is  well  known  that  high  ten^ea- 
tures  accompanied  with  moisture,  especiaUy  rapid  changes  of  them,  axe  a- 
tromely  productiYe  of  disease  amongst  artizans.  Moisture  is  the  veiy  ^^rnrnm 
vehicle  in  which  other  agents  of  disease  are  dissolved  and  brou^t  into  aotun 
with  greater  intensity.  These  facts  have  an  important  bearing  when  we  eon- 
sider  the  amount  of  malaria  now  pervading  the  air  of  mines.  It  is  anfficiantt^ 
evident,  that  to  obtain  the  greatest  amount  of  work  from  a  man  in  a  given 
time,  it  is  necessary  to  supply  air  not  only  cool,  but  tolerably  dry. 

Dust. — The  dust  which  floats  in  the  air,  of  some  collieries  moore  particii- 
larly,  is  often  referred  to  as  productive  of  permanent  injury ;  but  more  aoen- 
rate  observations  have  determined  that  melanosis  and  other  affdotions  which 
may  result  from  it,  are  also  produced  in  other  mines,  and  are  attrilmtalde 
rather  to  tlie  carbon  arising  from  the  imperfect  combustion  of  tallow  or  oil 
of  bad  quality,  which  prevents  the  free  access  of  oxygen  to  act  on  the  blood ;  so 
that  carbon,  after  a  time,  actually  api>ears  to  be  formed  in  the  lun^^  tiie 
soot  from  lamps  being  found  to  deposit  in  the  creased  of  the  tissues  of  the 
mombrano  of  the  lungs.  Few  miners  are  exempt  from  this — it  claims  a  pie- 
scriptive  right  of  residence ;  whereas  coal-dust  is  thrown  off  by  the  coogfaing 
and  expectoration.  The  disease  seldom,  if  ever,  occurs  amongst  men  working 
in  coal-dust  on  the  surface.  The  managers  of  some  mines  are  deserved)/ 
particular  in  obtaining  the  best  quality  of  candles  and  oil  for  lighting,  in  order 
to  avoid  the  loss  and  injury  arising  from  imperfect  combustion — an  e^ 
which  is  aggravated  and  rendered  doubly  pernicious  by  poor  air. 

On  the  other  hand,  cases  have  been  known  where  a  cloud  of  dust  has  alone 
produced  suffocation.  In  one  instance,  tlie  person  unconsciously  inhaled  the 
dust  brought  by  a  rapid  current  of  air  caused  by  the  upsetting  of  a  train  of  fine 
coal :  in  another,  two  men  were  found  dead  in  a  ladder-shaft,  with  their 
caudles  still  alight,  but  covered  with  dust  thrown  up  by  an  explosion  of  fixe- 
damp.  The  effect  could  not  have  been  due  to  the  irrcspirable  gases  which 
result  from  such  an  explosiois  otherwise  the  lights  would  have  been  also  extin- 
guished. It  is  probably  owing  to  the  hot,  fiery  dust,  vomitted  out  in  a  blaek 
cloud,  which  accompanies  these  explosions,  that  the  number  of  deaths  from 
suQbcatiou,  amounting  often  to  seventy  per  cent,  of  the  number  of  the  killed, 
is  chiefly  to  be  attributed.  CoUiers  have  been  enabled  to  pass  many  hundred 
yards  past  the  bodies  of  their  dead  and  dying  companions,  by  simply  cover- 
ing the  organs  of  respiration  with  a  thickness  of  cloth ;  if  flrst  wetted  and  tied 
over  the  face,  so  much  the  better.  In  July  last,  a  Welsh  collier,  in  company 
with  four  others,  descended  a  shaft  filled  with  a  cloud  of  tliis  dust,  in  the 
heroic,  though  rash  endeavour  to  succour  ten  of  his  fellow  workmen  who  had 
been  overcome  by  an  explosion  of  fire-damp.  The  leader  of  this  forlorn-hope 
fell  a  victim  to  his  humanity.  In  commencing  some  of  the  workings  in  the 
interior  of  the  Standedge  railway  tunnel,  nearly  one-third  of  the  miners  were 
prostrated  by  a  pulmonary  complaint  affecting  both  their  strength  anH  their 
throats.  By  stopping  the  smoke  from  the  fires  of  the  canal  boats,  and  by  better 
ventilation,  the  evil  was  removed. 

Banitary  Effects  and  KostaUiy. — ^Deprived  as  a  miner  is,  at  least 
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inter  monthB,  of  the  beneficial  rays  of  sunlight  for  six  days  out  of 
is  difficult  altogether  to  reject  the  idea  that  he  pennanentiiy  suffors 
( cause,  although  itis  difficult  to  estimate  its  results.  In  hot  climates 
Y  aide  of  a  street,  under  some  circumstances,  is  more  unhealthy  than 
%  and  iudividuais  labouring  under  asthmatic  complaints  are  very  sensi- 
le  benefit  of  light ;  but  much,  no  doubt,  is  also  due  to  the  heating  and 

rays.  On  this  has  been  founded,  and  with  much  justice,  an  ar- 
for  working  two  shifts  or  turns  of  men  underground— Hthe  first  from 
1 12,  and  the  second  from  12  a.m.  till  B  p.m.  The  mining  engineers 
im  are,  however,  mostly  of  opinion  that  the  night-work  in  their  mines 
able  to  the  day-work,  and  does  not  so  seriously  affect  the  workmen ; 
he  arguments  used  being,  that  from  the  surface  atmosphere  being 
lie  ventilation  is  better  by  night  than  by  day. 
unnecessary  to  enter  at  length  into  the  effect  of  the  varied  of  ex- 
3  and  miasmata  proceeding  from  the  putrid  fermentations  of  animal 
etable  matters  underground,  as  they  are  well  known  even  upon  the 

In  these  confined  channels,  where  the  accumulation  exists  at  every 
)  wairn,  moist  atmosphere  gives  them  every  fsuolity  to  produce  their 
fects.  When  it  is  considered,  however;  that  each  workman  produces 
»f  excrement  per  annum,  and  that  from  800  to  400  men  are  in  and 
e  working  places,  and  in  the  dead  ends  through  which  the  air  passes, 
b  but  supply  a  fertile  source  of  miaamata,  whatever  care  may  be  used 
ing  the  deposit ;  while  underground  stables  and  accumulated  dung- 
«  often  most  iiijudiciously  placed  close  to  the  incoming  air,  in  which 

horses  stand,  or  are  constantly  working  to  and  fro ;  and  almost  a 
timber,  used  for  supporting  the  roof  and  sides,  is  continually  under- 
7  rot,  which  under  bad  ventilation  consumes  it  in  two  years.  It  will 
that  the  old  workings,  technically  called  goafs  or  deads,  are  also  vast 
ries  for  the  decomposition  of  minerals,  timber,  and  animal  remains, 
common  thing,  indeed,  to  find  openings  left  from  them  into  the  in- 
vital  current  of  air  for  the  free  percolation  of  these  products  in 
t  quantity  to  extinguish  a  candle  at  the  point  where  they  enter. 
laces  where  such  accumulations  are  unavoidable,  if  the  whole  space 
onpletely  closed  by  the  pressure  of  the  ground,  a  slight  current  of  air 
through  or  above  them  into  some  surface  outlet,  or  into  the  outgoing 
remove  or  moderate  the  evil  effects.  Stables  should  be  kept  clean, 
jnently  whitewashed ;  but  horses  in  mines  generally  thrive  well,  as 
rk  in  the  purest  of  the  air,  even  before  it  has  reached  the  men. 
other  nuisance  alluded  to  at  the  Standedge  tunnel  was  remedied  by 
ig  iron  trams  with  two  iron  hds  on  hinges  to  each  range  of  work, 
cing  them  in  the  outgoing  air.  They  were  brought  out  every  few 
be  emptied,  and  in  two  years  paid  their  cost.  In  estimating  the 
producing  disease  of  all  the  various  causes  which  we  have  described, 
be  recollected  that  the  adult  workmen  are  seldom  exposed  to  their 
Hrbere  the  concentration  is  greatest,  for  more  than  eight  hours  con- 
ly.     Many  of  them  pass  occasionally  in  and  out  of  the  \irQTldss^  I 


120  BATE  OF  MOBTALITT  AMOKO  XIKEBS. 


place  at  meals  and  other  times ;  and  many  of  the  lads  are  as  much  in  the  air 
current  (whatever  that  may  be)  as  in  the  unventilated  ends. 

Mr.  Katcliffe*s  tables  give  the  duration  of  life  of  miners  at  not  much  uidar 
the  average  of  England  and  Wales ;  but  appended  to  them  is  this  remark  :— 
"  This  class  of  lives  shows  a  very  large  amount  of  average  sickness  at  ermj 
period,  and  increased  sickness  with  advance  of  years.  From  the  very  natnn 
of  the  employment,  this  was  to  have  been  anticipated,  but  not  to  such  an  ex- 
tent as  appears  from  these  results.  At  age  20,  miners  experience  an  average 
sickness  of  40  per  cent,  more  than  the  general  class ;  at  age  30  they  show 
70  per  cent. ;  at  40  years,  78  per  cent. ;  at  50  years,  76  per  cent ;  and  at  60 
years,  53  per  cent,  more  average  sickness  than  tlie  general  class  of  lives.  The 
aggregate  amount  of  sickness  experienced  by  miners  for  the  period  of  IHe 
20 — 60  is  05  weeks,  showing  an  excess  of  about  67  per  cent  more  than  the 
general  results.  Had  these  lives  which  form  4*93  per  cent,  of  the  general 
class  been  first  extracted  therefrom  (which  should  have  been  done),  it  would 
have  shown  a  less  amount  of  average  sickness  experienced  by  the  genfiial 
class,  and  consequently  would  have  proved  that  miners  are  subject  to  more 
average  sickness  per  annum  in  excess  of  the  general  class  than  appears  to 
exist." 

But  these  tables  do  not  include  lives  under  18  years,  before  which  time  it 
will  be  shown  tliat  not  only  disease,  but  an  excessive  mortality  occurs.  The 
Begistrar- General  has  supplied  some  valuable  statistics  respecting  the  mining 
population,  numbering  10,090,  in  the  district  of  Merthyr  Tydfil,  forming  part 
of  a  population  of  41,425  males,  and  35,379  females.  The  town  and  rural 
population  are  about  equally  divided : — 


Age. 

10 

Annual  rate  of  mortality  per 
cent,  of  males  in  England, 
1838  to  18S0. 

.      .          -515      .... 

Annual  rate  of  mortalitj  pff 

cent,  of  colliers  and  miners  ia 

Mertbjr  Tydfil,  1840  tolSU. 

....        1-632 

15 

.     .         -825     .... 

....       2-055 

25 

.     .       1001     .... 

....       1*990 

85 

.     .       1*283     .... 

....       2*296 

45 

.     .       1843     .... 

....       8*308 

55 

.     .       3*203     .... 

.     .     .     .       5*450 

65 

.     .       6*740     .... 

....     12*639 

75 

.     .     14*745     .... 

.     .     .     .     21*818 

85  and  upwards 

.     .     38*424     .... 

....     53*838 

This  table  affords  a  comparison  in  the  rates  of  mortality  at  different  ages 
between  males  in  England  generally,  and  the  miners  in  this  district ;  and 
shows  that  noxious  influences  at  work  on  these  miners  are  sufficient  to  treble 
the  destruction  of  life  between  the  ages  of  ten  and  twenty-five.  The  ratio  is* 
in  &ct,  still  higher  at  the  commencement,  showing  how  immediately  destroo- 
tive  are  such  causes  to  the  constitution  at  an  early  age ;  and  how  the  hardier 
constitutions  who  survive  the  first  trial  to  health,  become  more  acclimatized. 
It  is  also  found  that  between  the  ages  of  fifteen  and  twenty-five,  one-th|rd  of 
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deaths  occur  from  diseases  of  the  respiratory  organs,  and  that  more  tlian 
third  of  the  miners  meet  with  violent  deaths. 

rho  next  table  exhibits  the  after-lifetime,  or  prospect  of  life,  of  males  in 
rland,  and  of  coUiers  and  miners  in  the  Merthyr  TydUl  distiict,  at  dif- 
nt  ages. 

After-lifetime. 
Age.  Males  in  England.         ColUerH  &  IMiners  in  Mcrthyr  TydAl. 

Years,  Years. 

31-70 


15 


4302 


25 86-60 

35 29-82 

45 23-]  3 

55 1000 

65 10-90 

75 657 

85 3-74 

05 211 


27-86 

22-92 

17-54 

12-44 

7-77 

5-61 

4-53 

4-30 


The  table  may  be  read  thus  : — Men  who  attain  the  age  of  25  ^vill  live,  on 
iverage,  27-80  years  in  Merthyr  Tydfil,  if  tlieir  occupation  is  that  of  a 
ier  or  miner.  The  mean  after-lifetime  of  a  minor  or  coUier  aged  25  is, 
ydoTQi  2786  years  in  Merthyr  Tydfil;  while  the  mean  after-lifetime  of  a 
1  aged  25,  is  3660  in  England  generally.  The  vital  statistics  of  the  popu- 
3n  generally  of  the  parish  of  Merthyr  Tydfil,  as  compiled  by  Dr.  Kay, 
ibit  a  very  high  rate  of  mortality.  It  is  nndcr  the  influence  of  the 
Ithy  proprietors  of  its  noted  iron-works  and  muics ;  and  though  its  aitua- 
1  is  naturally  healthy,  being  at  the  head  of  a  rural  valley,  it  is  remai-kable 
ipproaching — ^perhaps  more  than  any  other  town  in  England,  and  as  neai-ly 
labitations  on  the  surface  can  do — ^to  the  unventilated  and  noxious  condition 
tie  mines  of  this  country.  A  conclusion  might  be  drawn  from  the  above 
I,  that  the  pernicious  influences  to  which  tlie  miner  is  subjected  in  his 
terranean  labours  are  so  great,  that  he  passes  almost  imscathed  by  the 
aria  on  the  surface. 

In  Cornwall,  it  has  been  ascertained  that  61  per  cent,  of  the  miners  die 
a  diseases  of  the  chest,  and  only  81  per  cent,  of  the  rest  of  the  population, 
monary  emphysema,  asthmatic  afiections,  rheumatism  of  the  joints,  and 
umonia,  are  the  commonest  diseases  amongst  miners,  and  proceed  from  the 
ditions  in  which  they  work.  "Wlien  young  boys  are  sent  into  the  mines, 
Ir  growth  is  generally  checked,  and  the  vital  processes  seem,  for  a  time,  to 
back,  until  they  accumulate  strength.  The  chest  frequently  enlarges  un- 
nrally  to  allow  of  breathing  in  positions  and  circumstances  which  natiu-e 
evidently  not  provided  for :  certain  parts  of  the  frame  are  developed  at  the 
ense  of  others.  Some  mines  are  noted  for  particular  diseases ;  one, 
mging  to  seams  about  three-quarters  of  a  yard  in  thickness,  is  called  the 
se-qoarter  cough.  A  peculiar  disease,  anemia,  showed  itself  extensively 
me  time  in  Belgium ;  the  skin  became  the  colour  of  wax,  the  veins  con- 
;ted,  and  the  oiTculation  almost  ceased.    It  was,  in  fact,  one  of  ^e  eiL\x^Tci!^ 
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rc«ulU  of  that  uufceblcd  state  of  the  vittU  functions  vhidi  is  the  nocniAi  ccni- 
diiiou  of  miDcrs  when  sulijccted  to  inaufficient  veDtOatioii- 

In  Lord  Shaftesbuiy's  Report  on  Mines, )  B42,  it  is  remained — "  The  iron- 
B14II1Q  pits  axe  in  geuenU  less  perfectly  ventilaled  and  dnuned  than  the  eo*l- 
niines,  and  arc  therefore  Btiil  more  niiliealthj,  producing  the  same  physicil 
deterioration,  and  tlic  smne  discfecs,  but  in  a  raore  intense  degree.  The 
ultimate  effect  of  the  disndvaulngeous  drcumstances  nnder  which  the  miner 
in  tin.  copper,  kad,  and  zinc  minca  is  obliged  to  pursue  his  laborious occopt- 
tion,  is  the  production  of  certain  diseases  (Eeat«d  chiefly  in  the  organs  of 
respiration),  by  which  he  is  rendered  incapable  of  following  bis  work,  andbf 
which  liis  existence  ia  terminated  at  an  earlier  period  than  is  ccannuni  in 
otlicr  brunches  of  induatrj,  not  excepting  even  that  of  the  eoUiei.  The  pd- 
miLrj,  and  overacting  agent,  which  principally  produces  this  effect,  is  tbi 
noxious  air  of  the  places  inwliich  (he  work  is  carried  on."  A  surgeon  write^ 
"  In  reality,  what  ia  this  number  of  violent  deaths  (and  I  appeal  to  my  fellow- 
practitioncrs  at  coUierios)  compared  vlth  those  thousands  of  persona  nia 
advance  day  by  day  bowed  doini  to  a  premature  death,  arising  &om  Iheii 
occupation,  and  which  brings  on  an  old  age,  overwhelmed  with  infinui^,  tt 
a  period  when  other  men  still  enjoy  the  plenitude  of  their  strength  ?  " 

In  the  fullowing  table  will  bo  found  the  relatire  numbers  of  miners  ini 
agricultural  labourers  employed  at  each  age  in  Great  Britain : — 
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The  latter  class  is  taken  for  compftrison,  inasmucli  as  mining  is  usnsQj 
cai-ricd  on  in  agricultural  districts,  and  tliu  wasting  ranks  of  the  mtiu^s  an 
supplied  from  it;  audit  \dllbe  shown  that  tlio  occupation  of  the  miner  is  not 
necessarily  much  more  unhealtliy.  The  last  four  colunms  present,  a£  well  *■ 
the  materials  and  nature  of  such  a  calculation  would  allow,  the  average  ages 
of  the  whole  of  the  persona  following  (liose  occupations  in  1H51,  aawellasth* 
age  of  commencing  work,  and  tlie  average  number  of  years  of  work  done  by 
each  class.  Hence  it  appears  that  the  average  age  of  miners  living,  variM 
from  2C>'7  years  in  tlie  case  of  tin  miners,  to  2H'9  smongst  lead  minera,  being 
a  difference  of  about  three  years;  but  tliis  is  accounted  for  by  the  tin  mineis 
commencing  work  at  10^  years  of  age,  the  lead  miners  not  till  above  13  yean 
on  the  aTerage.  These  are  the  extremes  of  age  n-ithiu  whlt^,  on  an  aTeng^ 
each  of  the  five  classes  of  minera  begin  to  work. 

The  result  bears  out  the  opinion  as  to  iron  miners  being  the  unheoltbiest 
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of  ftll,  for,  uotwilhatandiag  that  the  men  do  not  commence  work  until  13  or 
15  yeaxa  of  age,  tfaeijr  ■pvi  of  Ubouronlrrenclies  2D'4  years,  wMchiaS^jeaiB 
below  the  average  time  in  which  a  miner  wears  out  The  mineiB  hist  bat 
ST'7  yean,  whilst  4S'3  years  are  got  out  of  the  agricultural  labourer.  In 
other  words,  the  Urea  of  the  miners,  in  addition  to  exceaaive  sickness  and 
diminished  strength,  are  shortened  by  an  amount  equivalent  to  more  than 
baU  their  working  life. 

These  tables  are,  to  a  great  degree,  confirmed  by  limited  observations  in 
puturular  mining  districts.  Ur.  Blee,  in  18^7,  comparing  tlie  agricultural 
tnd  mi  "tug  popiQation  in  Cornwall,  gives  02^  as  the  average  age  of  the  former, 
42  of  the  latter;  in  neither  ease  inoludiugany  below  lOjearsof  age.  Again, 
of  the  total  number  ofmoles  dying  in  10  years,  there  died  per  cenL  between 
the  following  agaa — 
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XeMMMy  of  Pas*  and  Cool  Alx. — It  has  already  been  shown  that 
one-third  of  the  value  of  the  miner  was  cut  off  by  the  hand  of  deaih ;  but  tbe 
ctnaes  which  hare  brought  liim  to  the  tomb  must  have  necessarily  dimi- 
nished  the  amount  of  work  he  ia  able  to  perform,  even  in  his  best  days ;  and 
during  one-fifteenth  of  his  working  life,  he  depends  on  the  sick-club  or  tlie 
parish  for  support-  He  has  good  grounds,  therefore,  for  demanding  a  high 
nta  of  wages,  and  ha  ia  eapecioUy  in  need  of  the  osaistanco  of  benefit  societies 
in  his  period  of  trioL  "  As  on  evidence  of  the  good  economy  of  apending 
money  to  lessen  theae  tetxible  effects  of  the  minera'  occupation,"  Mr.  Blee 
states  that  "  from  a  return  made  by  the  relieving  ofGcer  of  Owennap  to  the 
Ssdnith  Board  of  Ouardiona,  he  has  ascertained  that  of  240  iiunilies  receiv- 
ing parochial  relief  in  Owennap,  in  one  quarter  of  a  year,  upwards  of  200 
wen  miners'  faTnillot; ;  &ud  that  of  the  fathois  of  those  familieB  15  had  been 
killed  in  tbe  mines  1  10  had  been  blinded,  maimed ,  or  go  injured  otiiernise  by 
mine  accidents,  as  to  be  unable  any  longer  to  earn  their  own  livelihood — 
many  of  the  injuries,  at  different  distances  of  time,  having  terminated  fatally ; 
while  65  have  died,  and  15  otliera,  who  hod  among  them  80  children,  were 
dying  more  or  less  «lowly  of  miners'  conaiunptioa." 

lu  tracing  out  the  remedies  to  be  applied  to  render  the  cell  of  the  miner 
a  fit  place  for  human  beings  to  pass  a  large  portion  of  their  lives,  it  is  neces- 
sary to  point  out  that  it  requires  no  other  remedy,  except  in  a  higher  degree, 
tlinn  n«  are  now  adopting  on  tkc  surface.  The  same  nilea  of  ventilation,  the 
same  habits  of  cleanliness,  will  suffice-  The  mines  have  reached  their  present 
condition  just  in  the  same  nmnmr  as  a  portion  of  any  town  inhabited  by  tbe 
poor,  nnviaited  by  intellectual  or  professional  mcu,  uncared  for,  and  their 
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dwellings  never  entered  by  tlie  owners  of  the  property ;  such  dwellmp  would 
infallibly  become  tlie  stronghold  of  disease.  Miners  themselves,  imtil  Uie 
candles  bum  dimly,  are  so  little  conscious  of  the  cfTects  of  imperfect  ventila- 
tiou  that  they  commonly  object  to  improvement;  and  yet  they  have  admitted, 
after  a  sufficient  trial  of  a  better  system,  that  they  could  do  one-fourth  moze 
work  in  properly  ventilated  mines. 

Tlicrc  arc  many  mines,  or  parts  of  mines,  which  can  hardly  be  woilced  in 
summer,  because  candles  will  not  bum  in  the  working- places.  The  Tentik- 
tion  entirely  stagnates  in  the  act  of  reversing.  The  powder-smoke  hangs  in 
the  face  so  as  to  cause  a  delay  of  half  an  hour  after  each  shot  is  fired. 

Such  are  a  few  of  tlic  conditions  which,  occurring  frequently  amongst  a 
large  number  of  men  in  mines  where  no  artificial  means  of  ventilation  are 
employed,  produce  losses  on  a  large  scale.  They  are  customazy,  however, 
and  consequently  seldom  appreciated  by  the  proprietors. 

From  tlie  evidence  given  by  Mr.  Woodhouse  of  Overseal,  mining  overseer 
of  the  Moira  Collieries,  who  has  had  great  experience  in  the  scientific  venti- 
lation of  coal-mines,  it  appears  tliat  a  large  saving  is  invariably  realised  in 
practice  from  the  adoption  of  improved  modes  of  ventilation ;  because  the 
constant  introduction  of  fresh  cun-ents  of  atmospheric  air  into  the  pits,  tends, 
in  a  remarkable  degree,  to  protect  the  woodwork  of  the  mine,  and  to  keep  the 
road-ways  dry  and  in  good  order. 

After  speaking  of  the  drawbacks  from  the  profits  of  collieries  arising  from 
an  imperfect  system  of  ventilation, — imperfect  as  regards  the  whole  quantitr 
of  air  passed  through  tlie  workings,  but  still  more  imperfect  as  to  its  distri- 
bution, he  says : — *'  Tlie  improved  system  adopted  in  the  collieries  on  the 
T^ne  and  the  AVear,  of  dividing  the  workings  into  distiicts,  and  so  obtaining  a 
cunent  of  fresh  air  in  every  division,  may,  in  many  cases,  be  adopted  at  a 
trijfling  expense  in  other  countries ;  and  although  the  extent  of  the  workings, 
in  general,  bears  no  proportion  to  those  in  the  collieries  in  tlic  north,  the 
principle  remains  the  same,  and  the  result  would  be  favourable  in  a  corres- 
ponding degi-ee.    It  may  bo  urged  that  the  immense  quantity  of  gas  given 
out  of  tlie  coal  in  tlie  north,  has  called  for  the  improved  system :  this  is  pro- 
bably tlie  fact ;  but  there  are  many  advantages  to  be  derived  from  good  venti- 
lation bjByond  the  mere  prevention  of  explosion.    In  pits  with  a  rapid  circu- 
lation, the  men  respire  more  freely ;  the  road-ways  are  kept  dry,  and  repaired 
at  less  expense ;  and  tlie  timber  lasts  longer  hy  years :  and  therefore  it  is  a 
matter  of  strict  economy  to  ensure  a  good  ventilation."     Tliere   arc  few 
mining  engineers  who  ^vill  not  subscribe  to  tlie  correctness  of  the  Report  of 
184*2 :  "  That  a  mine,  when  properly  ventilated  and  drained,  and  whenbotli 
tlie  main  and  the  side  passages  arc  of  tolerable  height,  is  not  only  not  un- 
healthy, but  the  temperature  being  moderate  and  very  uniform,  it  is  con- 
sidered, as  a  place  of  work,  more  salubrious  and  oven  agreeable  than  those  in 
which  many  kinds  of  labour  are  carried  on  above  ground."    To  eflect  this, 
requires  one  simple  regulation  to  be  unremittingly  carried  out ;  namely,  that 
no  man  sliall  be  suffered  to  work  in  a  stagnant  atmosphere ;  that  the  working 
places  as  now  existing — the  rosei-voirs  of  all  the  deleterious  gases  brought 
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the  air-current — shall  have  a  current  sent  through  tliem  into  every 
ifficient  quantity  to  dilute  all  the  deleterious  gases,  and  deprive  them 
rawer ;  or,  in  the  words  of  the  resolution  passed  by  a  meeting  of 
rom  the  coal  mining  interests  of  the  kingdom  in  May  1854 — "  That 
artificial  means  of  ventilation  be  provided  at  all  collieries ;  and  that 
U  be  at  all  times  a  sufficient  current  of  pure  air  through  the  work- 
ilute  and  render  innocuous  all  noxious  and  deleterious  gases." 
ations  in  Density  the  Cause  of  Motion  in  Gases. — ^Air  or  gas 
Ji  a  vessel  presses  equally  on  each  square  iuch  of  its  surface,  and 
le  surface  of  any  body  enclosed  within  tlie  vessel.  Mariotte  demon- 
lat  under  one-half  of  this  pressure,  tlie  air  would  occupy  twice  the 
ider  double  the  pressure,  it  would  contract  into  one-half  llio  volume, 
vords,  that  the  pressure  is  in  inverse  proportion  to  the  density  of 
d  the  space  it  occupies.  The  pressure  of  the  au*  in  tlie  vessel  can 
'  ascci-tained  by  fitting  a  bent  glass  tube  into  the  side,  and  measuring 
:  of  the  Hquid  mercury,  oil,  or  water,  which  is 

by  the  pressure.     Such  an  instrument  (re- 

at  A,  Fig.  3)  is  the  ordinary  barometer,  in 
rty  inches  of  mercury  ^vvill  support  the  pres- 
:e  whole  atmospheric  column ;  equivalent  to 
it  of  homogeneous  atmosphere,  at  a  tempe- 
^T.  The  weight  of  a  column  of  mercury  one 
re   and  thirty  inches  liigh,  weighs  at  82**, 

TJie  pressure  of  dry  air  will,  therefore,  be 
nearly  19  cwt.  on  each  square  foot  of  sur- 
is  would  be  tlie  pressure  on  tlie  interior  of 
I  if  it  were  filled  with  air  and  placed  in 
f  the  tube  is  open  at  the  top,  like  the  ordinary  water-gauge  used 

the  height  of  a  column  of  water  in  the  tube  B  measures  the 

between  the  pressure  in  the  vessel  and  that  of  the  air  outside. 
I  to  the  most  accui-ate  experiments,  1 00  cubic  inches  of  air  at  OO"*, 
jlies  of  mercury,  weigh  31-0117  grains;  1306  cubic  feet  are  there- 
ined  in  1  lb.  The  heights  of  columns  of  equal  weight  and  area  are 
silver,  88  inches ;  of  water,  1  foot;  of  air,  815**  feet, 
lussac  found  that  air  expanded  uniformly  by  equal  additions  of  heat; 
.ter  experiments  of  Magnus  and  Regnault  have  determined  that  this 

for  each  degree  of  Fahrenheit  is  1 -459th  part  of  tlie  volume  of  tlie 
> ;  consequently  the  increase  would  be 

vol.  X  temp. 
459 

rally  at  any  other  temperatures  the 

voL  at  temp.  (No.  2)  =  vol.  at  temp.  (No.  1)  ^^.^J+li?! 
^         '  ^    ^         '  469  4-  <  (1) 


Fig.  8. 


)ecific  gravity  of  any  gas  of  a  standard  measure  and  temperature 
wn,  we  can,  by  the  two  laws  given  above,  determine  ita  "wei^t  ^^  V 
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any  other  pressure  and  temperature.  When  seyeral  gases  of  different  kinds 
are  contained  in  the  same  vessel,  they  tend  to  stratify  themsebres  in  the  order 
of  their  densities ;  but  at  tlie  same  time  to  diffuse  one  into  the  other,  so  as  to 
become  perfectly  mixed.  Thus,  if  a  jar  of  light  carburetted  hydro;;:en  be  in- 
verted over  a  jar  of  carbonic  acid  gas,  the  heavy  gas  will  ascend  and  the 
light  descend,  until  the  jars  are  filled  by  a  uniform  combination  of  the  tiro 
gases.  If  equal  bulks  of  three  different  gases  at  the  same  temporatore  bo 
condensed  into  one  volume,  the  resulting  pressure  will  be  the  sun,  viz.  three 
times  the  original  pressure.  They  conform  to  the  law  of  Mariotte  in  the 
mutual  relations  of  volume,  density,  and  pressure,  and  to  the  law  ol  Gtr 
Lussac  in  tlic  same  manner  as  air.  It  is  frequently  necessary  to  consider 
the  effect  of  aqueous  vapour  when  mixed  with  air.  When  the  air  is  not 
saturated  with  vapour,  the  elasticity  and  density  of  the  latter,  and  its  woght 
in  a  cubic  foot  of  air,  are  determined  by  tlie  hygrometer  and  the  tables  aocon- 
panying  the  instrument.  Tlie  modes  of  calculation  may  bo  found  in  tin 
"  Circle  or  the  Sciences,"  article  Meteorology,  page  576. 

The  alterations  in  the  pressure  and  temperature  of  the  air,  or  the  admix* 
turo  of  aqiicons  vapour  above  described,  produce  changes  in  the  density  of 
the  air,  which  result  in  motion.  If  in  the  last  figure  the  water-gauge  B  were 
removed,  so  as  to  leave  an  opening  in  tlie  tliin  plate  which  forms  the  side  of 
the  vessel,  the  gas  would  immediately  press  through  tliis  opening,  and  escqK! 
with  a  velocity  which  would  depend  ou  tlie  excess  of  pressure  of  the  gas  in 
the  interior  over  tliat  exterior  to  tlio  vessel,  as  well  as  on  tlie  specific  graviij 
of  the  gas.  If  the  exterior  pressure,  on  the  contrary,  exceeded  the  interior, 
the  air  or  gas  would  flow  in,  obe3'ing  the  same  conditions.  The  amount 
l)assiiig  in  a  given  time  depends  on  the  form  of  tlie  orifice.  If  the  stream 
passes  through  a  thin  plate,  it  suffers  a  convergence,  or  contraction,  of  its 
parts  (called  tlie  vena  contracta),  which  reduces  the  amount  to  ^,?s;  and  if 
tlirough  a  short  cylindrical  or  conical  tube,  to  iftiV  wid  tIVi>  respectively,  of  the 
amount  which  would  be  due  to  the  velocity  if  it  took  place  over  the  whok 
area  of  the  external  opening. 

If  the  stream  of  air  passes  through  A  in  the  annexed  diagram  (Fig.  5),  a 

long  horizontal  tube  of  uniform  area,  the 
amount  discharged  from  the  extremity  will 
be  diminished  by  the  resistance  offered  by  the 
sides  of  the  tube,  which  will  also  diminiah  its 
—  velocity.  These  resistances  will  be  in  pro- 
.  portion  to  the  interior  surface  of  the  tube  ex- 
posed to  the  friction  of  the  air  in  motion; 
til  at  is,  to  the  length  and  circumference,  as 
well  as  the  density  of  the  air  and  the  velocity  of  its  motion.  If  the  air  passes 
as  in  the  next  diagram  (Fig.  6)  from  a  long  horizontal  tube  A  into  another  B, 
the  quantity  discharged  will  be  diminished  by  the  increased  resistances 
offered  by  the  higher  velocity  in  the  tube  B,  and  by  a  small  loss  firom  the 
vena  contracta  in  passing  firom  a  larger  to  a  small  tube.  If  the  air  in  tra- 
versing the  tube  is  made  to  pass  through  an  aperture  in  a  diaphxmgm  C  (Fig. 
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Fig.  6. 


Fig.  7. 


Fig.  8. 


t  Telocity,  both  before  and  after  passing  the  opening,  ^ill  be  equal ;  bnt 
Rin  ImTe  been  a 
i  consequence  of 
ristance  encoun- 
in  passing  the 
late. 

the  tube  is  in- 
downwards  or 
ds,    as   in   the 

m  (Fig.  8),  the  velocity  of  the  current  will  be  increased  or  diminished, 
iog  as  the  force  of  gravity  acts  in  the  direction  of  the  current  or  contrary 
In  all  cases,  the  resistances  can  only  be  overcome  and  motion  produced 
increase  or  excess  in  the  density  of  the  air ;  consequently  the  difference 
density  of  the  air  before  and  after  passing  the  resistances,  will  repre- 
te  expenditure  necessaiy  to  evcrcomc  them. 

ktual  ▼•ntilAtion. — If  A  B  in  Fig.  1,  Plate  III.,  represents  a  gallery 
d  driven  into  the  side  of  a  hill,  and  B  C  a  shaft  at  its  extremity,  then 
nperature  being  uniform  throughout,  the  pressure  of  the  atmospheric 
1  will  be  equal  on  each  square  foot  of  the  bases  A  and  B  ;  the  densities 
columns  A  D  and  B  G  will  be  the  same,  and  no  motion  will  be  pro- 
If  the  density  of  either  the  column  AD  or  B  C  be  altered,  tlie 
irium  of  pressure  will  be  destroyed,  and  motion  will  ensue;  the 
r  column  must  descend  to  force  up  the  lighter  one  with  a  velocity  pro- 
led  to  the  difference  in  the  weights  of  the  two  columns,  or  of  the 
)heric  pressure  on  their  bases,  llie  two  columns  may  be  compared  to 
[uids  of  different  densities  in  the  branches  of  a  siphon,  or  to  unequal 
8  suspended  by  a  cord  over  a  pulley.  If  the  external  air  is  heavier, 
'  in  the  shaft  would  be  forced  upwards ;  if  that  in  the  shaft  is  heavier, 
wiU  be  discharged  from  the  mouth  of  the  level.  It  follows,  that  if  we 
»  the  temperature  of  the  mine  to  be  constant,  and  to  impart  its 
» the  air  as  it  passes  along  the  level  AB,  the  air  will  enter  the  level 
whenever  the  atmosphere  is  colder  than  the  mine,  and  descend  the 
nrhenever  it  becomes  warmer  than  the  mine.  C  D  may  be  supposed 
he  eaxiAce  of  the  ground,  and  D  A,  C  B  two  shafts  of  equal  depth.  In 
case,  no  motion  would  ensue  from  the  changes  in  the  temperature  of 
iemal  atmosphere ;  but  if  by  any  means  we  can  alter  the  density  of  one 
le  columns,  motion  will  be  produced,  and  continued  at  a  velocity  con- 
by  the  principles  previously  stated.  By  exhausting  or  compressing 
r  in  one  of  the  columns  by  means  of  air-pxunps,  or  by  heating,  the 
te  difference  in  density  can  be  effected.  This  is  termed  artificial 
tion,  as  distinguished  from  natural  ventilation,  which  is  generally 
x>  include  the  effect  of  rarefaction  from  the  temperature  of  the  rock, 
am  the  li^ts  and  persons  who  may  be  employed  in  the  mine,  as 
B  from  the  gaseous  exhalations.  When  air  has  been  set  in  motion 
%8  of  equal  depth,  the  gradual  changes  of  temperature  which  it  under- 
7  tiie  absorption  or  loss  of  heat,  produce  a  difference  in.  the  temr 
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perature  of  the  two  shafts,  which  continue  the  motion  nntil  abnosphene 
chauges  occur  sufficient  to  neutralise  it.  An  example  of  such  nataral  Tentt 
latiou  has  been  already  given  at  the  Seaton  Colliery,  where  no  men  aze  it 
work.  The  following  experiment  of  the  Tyne  Main  Colliery  was  made  by 
Mr.  N.  Wood,  whilst  the  mine  was  at  work : — ^Depth  of  shaft,  672  feet  Tem- 
peratures: at  surface,  43**;  bottom  of  downcast  shaft,  45*";  air  retunmig 
from  workings,  03'';  in  upcast  shaft,  300  feet  from  surface,  02*".  Quantity  of 
air  in  cubic  feet  per  minute,  37,000. 

From  this  it  appears  that  a  diflcrencc  of  18*  existed  in  the  temperature  of 
the  air  in  the  two  shafts,  and  tliat  the  mines  and  workings  gave  off  heat 
equivalent  to  raising  000,000  cubic  feet  per  minute  of  air  1**  in  temperatoie. 
When  the  atmospheric  temperature  increases  to  about  62",  that  is,  to  the  tern- 
pei-aturcof  the  air  ascending  the  upcast,  the  effect  of  the  natural  ventilatioiL 
ceases,  the  air  of  tlie  mine  becomes  wholly  stagnant,  and  requires  the  appli- 
cation of  artificial  means  to  set  it  again  in  motion,  as  in  Fig.  2,  Plate  IHt 
where,  if  the  shafts  A  B  and  C  B  in  tlie  figures  are  of  unequal  depth,  but  united 
by  a  horizontal  gallery  B  D,  the  air  will  ascend  the  deeper  shaft  in  winter, 
and  descend  it  in  simimcr.  This  may  be  readily  understood  by  comparing 
the  equilibrium  of  two  columns  of  air  of  equal  height,  A  B  and  £  D.  In 
winter  E  C  and  C  D  are  both  colder,  and  consequently  more  dense,  than  the 
parts  at  tlie  same  levels  A  F  and  F  B,  altliough  C  D  receives  a  slight  increas* 
of  temperature  from  the  rock.  In  summer,  on  tho  contrary,  the  air  con- 
tained in  F  B  and  C  D  is  nearly  of  tho  same  temperature ;  wliilst  the  part 
A  F  has  been  cooled  by  the  rock  so  as  to  become  denser  and  heavier  than 
FC.  Tho  air  has  frequently  to  ascend  and  again  to  descoid  in  traversing 
the  air-ways  in  the  mine.  The  ascent  in  winter  will  be  materially  lessened 
if,  after  entering  tlie  shaft  CD  (Fig.  9,  Plato  III.),  its  temperature  continues 
to  be  raised  whilst  ti*avcrsing  Qie  interior  shafts  or  sloping  drifts,  H  G  and 
E  F ;  for  then  the  column,  being  lighter  tlian  G  H,  counteracts  the  motion. 
In  summer,  as  the  current  of  air  passes  in  the  contrary  direction,  the  cooler 
and  denser  air  in  G II  will  aid  tlie  current ;  and  this  effect  ivill  be  greatest 
when  the  air,  in  passing  from  E  to  G,  has  been  cooled  to  the  lowest  degree 
attainable  in  tho  mine. 

When  the  underground  shafts  or  sloping  drifts  communicate  with  levels 
at  different  heights,  as  represented  in  Fig.  4,  Plato  III.,  the  effect  on  the 
ventilation  in  winter  will  be  favourable,  if  it  has  to  descend  the  sliorter  shaft 
or  drift  soon  after  entering  the  mine ;  but  mifavourable  if  it  is  first  carried  up 
the  longer  diift,  according  as  tlie  workings  of  tho  mine  extend  to  the  deep,  or 
to  the  rise  of  the  level.  Tho  effect  in  summer,  on  the  contrary,  ^vill  be  most 
favourable  when  the  air  fii*st  ascends  tlie  shorter  drift,  and  the  contraiy  when 
it  descends  tlie  longer  drift  on  entering  the  mine.  The  arrows  in  the  figores 
show  the  directions  of  the  air-current,  which  is  supposed  to  be  losing  or  gain- 
ing temperature  during  its  course ;  and  by  applying  the  reasoning  given  in 
preceding  cases,  tlie  causes  of  these  effects  will  readil}'^  appear. 

Sliafls. — ^In  considering  the  equilibrium  of  tlio  columns  of  air  in  the  case 
of  sloping  drifts,  or  of  shafts  standing  at  different  levels,  it  is  essential  to  refer 
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I  same  horizontal  lines.   Thus  the  drifts  £  E,  E  D,  in  Fig.  &»  Plate 

)  eqaiyalent  in  their  effect  of  producing  motion  to  the  extension  of 

by  the  depths  B  F  and  D  G,  subject  to  certain  allowances  pend- 

exteut  of  the  surface  of  the  drifts,  the  consideration  of  which 

mother  part  of  the  subject.    It  is,  therefore,  obvious  that  the 

aatural  ventilation  depends  more  on  the  difference  in  level  of  the 

two  shafts  than  on  their  relative  depths,  a  circumstance  well 

►racticc.    For  this  reason,  chimneys  have  been  frequently  erected 

of  shafts.    Thus,  at  Liege  the  upcast  shaft  of  a  mine  has  been 

with  an  internal  diameter  of  9  feet,  in  the  form  of  a  chimney  210 

There  are  also  two  chimneys,  each  180  feet  high,  at  the  Seraing 

he  same  purpose ;  and  in  consequence  of  the  aqueous  vapour  and 

iken  up  by  the  air-current,  is  not  found  to  reverse  in  the  siunmer- 

1  practice  of  contracting  the  upcast-shaft  by  a  chimney  of  small 

clearly  prejudicial,  and  has  the  same  effect  as  would  attend  put- 

ampcr.    Little  benefit  is  derived  from  a  high  stack  unless  the 

small  depth,  for  it  is  found  that  the  amount  of  ventilation  depends 

circumstances  being  the  same — on  tlie  square  root  of  the  depth  of 

Thus,  if  the  upcast  shaft  of  a  mine  is  400  yards  deep,  the  addi- 

liimney  123  feet  high  would  only  add  1  20th  to  the  ventilation.    A 

of  from  13  to  30  feet  high,  raised  on  the  top  of  the  shaft,  is  useful 

he  escape  of  the  air  from  the  distui-bing  eddies  wliich  occur  along 

of  the  ground.  Too  much  attention  cannot  be  paid  to  the  removal 

ructions  from  the  openings  of  the  downcast  and  upcast  shafts. 

c  there  are  no  winding  cages  to  intercept  the  opening,  considerable 

ventilation  has  been  obtained  by  providing,  close  by,  another  short 

Qunicating  with  the  main  one  below  the  platforms  which  form  the 

!a  of  an  upcast  shaft  to  afford  a  given  amount  of  ventilation,  as 
proportion  which  it  should  bear  to  the  area  of  the  downcast  shaft, 
3  which  have  been  discussed  without  leading  to  any  very  definite 
lie  upcast  sliafts  of  a  coal-mine  three  hundred  yards  deep,  and  two 
:res  in  extent,  one  square  foot  of  area  is  usually  allowed  for  eyexy 
feet  of  air  per  minute,  which  has  to  be  passed  up  it  by  furnace 
;  but  it  is  possil)le,  under  very  favourable  circumstances,  to  obtain 
double  this  ratio  of  ventilation.  '  The  natural  ventilation  of  the 
I  Collieiy,  before  quoted,  gave  700  cubic  feet  of  air  per  minute  for 
e  foot  area  of  the  shaft  by  the  highest  fiimace  ventilation.  This 
sed  to  2020  cubic  feet.  When  the  shafts  of  a  colliery  are  of  equal 
different  diameters,  natural  ventilation  ordinarily  converts  the 
fift  into  tlie  upcast ;  but  when  the  air  is  highly  expanded  by  a  fur- 
Jation  proceeds  most  easily  by  employing  the  larger  shaft  for  the 
air.  Many  circumstances,  however,  occur  to  vary  these  conditions ; 
awalled  pit  is  unfavoumble  to  its  use  as  an  upcast ;  and  the  best 
his  case,  are  those  which  are  circular  and  walled  throughout  with 
shaft  divided  by  a  partition  or  brattice,  not  only  offeift  «fe\M^'&  ««a-  \ 
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face  ti)  tlio  friction  and  for  the  cooling  of  the  air,  by  ^diich  the  diffeiencet  in 
temperature  are  lessened,  but  is  also  injurious  to  ventilatioiit  in  CflmaeqneiMW 
of  the  leakage  of  air  through  the  brattice,  which  it  ia  difficult  altogetiier  to 
prevent.  The  ^lonkwearmouth,  and  other  collieries  ventilated  by  bialtiee 
shafts,  exliibit  an  inferior  degree  of  ventilation.  The  system  employed  chiefly 
by  ]Mr.  Gibbons  in  South  Stafibrdshire  of  carrying  up  a  flue  or  chimney, 
genenilly  about  three  feet  by  two  feet,  or  two  feet  square  in  section,  as  repw- 
sentocl  in  P^g.  0.  Plato  III.,  alongside  the  downcast  shaft,  by  which  the 
minerals  are  extracted,  mav  be  adopted  from  motives  of  economy  in  mintf 
employing  a  number  of  persons  not  exceeding  forty  or  mxty ;  but  it  is  qjm 
unsuitetl  to  mines  of  average  magnitude,  in  consequence  of  the  impossibibtf 
of  fon'ing  an  adequate  amount  of  ventilation  through  an  opening  i^»id» 
offers  so  much  resistance.  The  diagram.  Fig.  7,  Plate  m.,  represents  ft 
vertical  section  of  the  method  of  ventilating  the  thick  coal  seam  in  Stalforf- 
sliire.  whieh  is  tliirty  feet  in  height,  by  carrying  the  air  returning  from  th« 
workings  through  air-ways  driven  in  the  upper  part  of  the  coal  into  the 
Itottom  of  tlie  shaft  chimney.  Still  more  objectionable  is  the  practice  of  eon- 
veying  air  in  pipes  or  nir-tninks  up  or  down  a  shaft.  Some  of  these  pipes 
may  be  iH'oasioimlly  seen  surmounted  by  a  coffin-sha]M?d  wind-box  to  lace  the 
dirootiou  of  tlio  wind— a  sigiiiticant  indication  of  the  destruction  of  health  and 
life  pTWiHHiing  fnnn  ilie  inadequate  ventilation  below. 

MotlTe  Column. — We  have  already  sliown  that  motion  of  the  air  in 
two  shafts  vvuneett\i  by  an  air- way .  was  producetl  by  the  greater  density  « 
weight  in  tlie  one  than  in  the  other :  and  that  these  unequal  densities  art 
due  chiotly  to  ditlervuoos  of  temperature.    Now.  if  we  ascertain  by  how  much 

the  base  of  the 
the  base  of  the 

. ^present  this  *^ 

iV^tx^noo  in  pn^ssim*  by  a  cohmm  E  F  of  the  same  temperature  and  density  ai 
Iho  air  in  the  sluift  C  P :  Uion  E  F  is  termed  the  '•  motive  column,"  and  its 
iu»^:ht  may  K*  detonuincd  eitlior  fxvm  the  known  densitr  and  temperature  of 
the  air.  or  by  obsor^-^uiou  with  the  barv>meur  or  water-gauge,  in  the  same 
manner  a.s  ux  ,he  ^^^,  alwair  desorib^ni  of  a  gas  flowing  out  of  a  simple 
.>nn.v  m  a  vessel.  If  K  r.  and  u  wo  rvpiwent  the  temperatures  of  the 
^^''^'^^***'  a:ul  uiy-^M  sha:\^  tvspevtivcly,  then. 

4.^^  4-  f.   :  4^ii  a.  f,  =  c  D  :  C  D  +  EF 
<Vv>m  >xluoh  wo  ^v;  -ax.niUv  C:s: 


a»\d  tt\e  motiw>  v\^!iir. 


i'.\ 


"''^  ^^^^^^^-  ^-^^  ^  V  i.vi:x  a.>4..i;:v,i  i:i  :*:i:^:  f:,.:^  any  given  hei^t 
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s  been  fonnd  that  the  velocity  with  which  air  would  flow  through  the 
1  a  vessel,  or  through  the  opening  between  two  such  shafts,  would 
d  there  were  no  resistance,  such  as  those  arising  from  friction)  be  the 
that  acquired  by  a  body  falling  through  the  height  of  the  motive   | 
;  therefore 

velocity  =  I/4  X  16  X  motiye  columi 
stituting  the  value  already  found  for  the  motive  column, 

the  velocity  of  the  flowing  air  =  8^  depth  of  upcast  r^^T^  ) 

evident  from  this  that  the  amount  of  ventilation  circulating  in  a 
in  proportion  to  the  square  root  of  the  depth  of  the  upcast,  as  well 
i  square  root  of  the  diflerence  of  temperature  between  the  upcast  and 
ft.  Thus,  if  the  temperature  of  a  downcast  shaft  was  50^,  and  of  the 
5°;  by  raising  the  temperature  of  tlio  latter  to  150*,  the  quantity  of 
a  circulation  woidd  be  as  v/25  :  \/lob ;  that  is,  it  would  be  doubled. 
»e  formuhe  do  not  include  the  variations  of  the  density  and  temper- 
i  the  same  shaft,  nor  the  admixture  of  gases  with  the  air.  Exact 
ments  by  the  barometer  are  therefore  necessary ;  and  when  the  rare- 
of  tlie  upcast  is  produced  by  a  machine,  the  estimation  of  the  differ- 
pressure  by  this  intrument,  or  by  the  water-gauge,  is  indispensable, 
try  large  proportion  of  the  theoretical  velocity  is  absorbed  by  friction 
the  surfaces  of  the  shafts  and  air- ways,  angles,  and  other  obstructions, 
esistances  are  found  to  be  in  inverse  proportion  to  the  sectional  area 
dr-ways,  but  in  direct  proportion  to  the  square  of  the  velocity  of  the 
s.  The  resistance  is  also  proportional  to  the  surface  exposed  to  the 
of  the  passing  current— that  is,  to  the  length  and  the  circumference 
ir- way ;  but  the  nature  of  surface  exposed  to  the  air  materially  affects 
>unt  of  friction.  Experiments  have  been  made  by  Pulet  ("  Tndte  do 
3ur  ")  and  others,  to  determine  the  difference  between  the  theoretical 
aal  velocities  of  the  flowing  air.  If  by  D  we  represent  the  mean  dia- 
f  the  whole  of  the  air-course  from  the  top  of  the  downcast,  back  to  the 
be  upcast-shaft,  and  by  L  the  length ;  then  the 


actual  velocity  =  theoretical  velocity  X  2*06  ^- —       ^ 

le  air-ways  and  shafts  are  lined  with  brick,  and  the  former  is  very 
1  comparison  with  the  latter ;  when  the  shafts,  on  the  other  hand, 
it  a  small  fraction  of  the  run  of  the  air-current  after  it  leaves  the  sur- 
is  ordinarily  the  case  in  mines,  then  H  being  the  height  of  the  heated 
of  air,  tlie 

al  velocity  =  2  ^£  X  8  ^H  (l^^\y  «^  1«  ^j^  (moUve  column). 

uitity  of  air,  or  amount  of  ventilation,  is  obtained  by  multiplying  the 

'  by  the  mean  area. 

LttlBS  aad  BisUitatiiic  Aii.— It  has  been  found  thattbi^  «sii.QrQ3i\*  \ 


of  veutilatiou  wliich  caii  be  carried  through  the  air-ways  of  a  mine  depends 
on  tlic  following  conditions : — If  the  downcast  and  npcast  shafts  comminii 
cato  by  more  than  one  air-way,  the  air-current  is  said  to  be  split,  and  the 
quantity  of  air  which  will  pass  along  each  air-way  is  in  inverse  proportion  to 
the  resistances  met  witli.  If  the  air-ways  are  similar  in  area  and  section,  tha 
quantity  or  velocity  of  tlie  air  is  in  inverse  proportion  to  the  length  of  the 
air-wa3\  Thus,  if  one  spUt  is  four  times  the  length  of  the  other,  the  velodly 
of  the  air  ^\ill  be  reduced  to  about  one-half.  If  the  air-ways  are  of  equl 
length  and  similar  section,  but  of  different  areas,  the  quantity  of  air  passing 
tlirough  each  will  bo  in  proportion  to  the  areas.  It  follows  that  if  the  shafti 
are  so  large  that  we  may  neglect  tlicir  resistances,  the  dividing  the  air-co^ 
rent  into  two  splits  will  introduce  double  the  quantity  of  air  into  the  mine; 
and  if  wo,  at  the  same  time,  shorten  the  length  tlie  air  has  to  travel,  the  Ten- 
tilation  will  be  furtlicr  increased.  If,  for  example,  in  improving  the  ventils* 
tion  of  a  niiuc,  in  which  tlie  air  is  confined  to  one  clianncl,  3G00  yards  long 
between  shaft  and  shaft,  Uie  mine  is  diNidod  into  two  parts  so  as  to  require  a 
ventilating  air-way  2500  yards,  long  for  each,  then  the  total  quantity  of  air 
passing  through  the  sliafts  is  not  only  doubled,  but  increased  in  the  pro- 
portion of 

i/2500  :  v/3G0b  =  60  :  60. 
If  there  are  tlirce  splits  1000  yaixls  long  each,  the  ventilation  would  be  mul- 
tiplied four  and  a  half  times. 

Although  the  air  naturally  **  splits  "  itself  into  as  many  openings  as  the 
excavations  present,  the  systcvmatic  application  of  tliis  great  modem  improve- 
ment in  the  ventilation  of  mines  is  generally  attributed  to  Mr.  Buddie.  SpHt 
air  is  said  to  have  been  introduced  first  at  the  FelUng  colliery,  in  1^16,  by 
Mr.  Hill.  The  air  is  confined  to  its  course  by  stoppings,  i.e.  walls  boilt 
across  any  abandoned  openings,  or  by  doors  where  access  is  required  to  either 
side  of  the  cun-ont.  The  main  stoppings  frequently  consist  of  brick  walls  set 
in  mortar,  fUlod  in  between  and  close  stowed  with  rubbish.  The  resistance 
of  the  air- ways  increasing  as  the  square  of  tlie  velocity,  it  is  found  in  practice 
undesirable  to  employ  currents  moving  at  the  rate  of  more  tlian  five  hueel 
feet  in  a  second.  Above  tliis  the  loss  in  ventilation  augments  rapidly,  as 
well  as  the  difticuliy  of  i)reventing  leakage  through  stopi)ings  and  doors. 

For  a  short  distance  before  the  spUts  separate,  and  after  tliey  reunite,  the 
size  of  the  main  air- way  may  necessitate  a  greater  velocity;  and  tlio  velocity 
in  the  upciist  shafts  occasionally  reaches  as  much  as  tliirty  feet  in  a  second. 
Three  feet  per  second  is  a  velocity  adequate  to  remove  and  render  harmless 
the  ordinary  discharges  of  fire-damp  ;  but  as  half  a  foot  in  a  second  is  already 
enough  to  deflect  the  flame  of  a  candle,  tlie  former  velocity  causes  the  caudles 
to  "  sweat"  and  burn  quickly  away,  and  it  is  seldom  found  in  tlie  worldug 
faces,  except  where  safet}'  lamps  are  used.  The  test  of  perfect  distiibutiou  of 
the  ventilation  in  metalliferous  and  other  mines  which  do  not  contain  fire- 
damp, is  the  maintenance  of  a  current  in  every  working  place,  slightly  ex- 
ceeding thirty  lineal  feet  i)er  minute,  which  will  sensibly  deflect  the  flame  of 
a  candle  without  creating  inconvenience.    It  is  found  in  practice,  that  to 
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effect  this  requires  the  iutroductioii  into  the  mine  of  1 00  cubic  feet  of  air  per 
van  per  minute,  to  allow  of  the  unavoidable  loss  in  leakage  and  in  airing  the 
dd  works.  This  corresponds  with  the  quantity  of  air  previously  shown  to  be 
nqnired  to  keep  down  tlie  temperature  of  the  working  places  and  for  saiiitaiy 
pozposes.  Thus,  in  a  mine  emplo3'ing  200  men  and  10  horses,  the  amoimtof 
Tentiladon  required  is  200  X  100  +  10  X  600  =  2G000  cubic  feet  per  minute. 
Two  intake  air-ways,  at  least  of  40  square  feet  area  each,  sliould  be  provided, 
and  the  upcast  shaft,  if  artificially  worked,  should  be  at  least  six  feet  in  diame- 
ter. According  to  Mr.  T.  J.  Taylor,  *'  the  least  amount  of  current  should 
depend  on  the  requirements  of  the  mine ;  for  example,  in  a  mine  wliich 
jieldB  no  fire-damp,  with  120  or  130  persons  employed  in  it,  a  current  of 
tO,000  to  30,000  cubic  feet  per  minute  might  be  a  fair  quantity,  being  pro- 
perly conveyed  up  to  the  face  of  the  workings  and  made  to  sweep  those  dis- 
tricts where  the  people  are  employed ;  but  in  a  fiery  mine,  much  more  than 
file  quantity  named  would  be  required." 

In  mines  giving  off  fire-damp,  and  which  are  efficiently  ventilated,  the 
quantity  varies  from  200  "to  GOO  cubic  feet  per  man  per  minute.  When  the 
old  workings  are  extensive,  an  additional  quantity  of  air  should  be  allowed 
fixr  rendering  them  safe ;  but  generally  tlie  amount  of  escape  of  gases  in 
the  same  mine,  bears  a  constant  relation  to  tlie  number  of  men  engaged  in 
hying  bare  and  removing  the  rock.  The  ux>cast  shaft  of  the  Helton  colliery 
passes,  under  ordinary  circumstances,  200,000  cubic  feet  of  air  per  minute  by 
the  aid  of  three  furnaces.  It  is  the  largest  ventilation  known.  The  natural  ven- 
tilation, when  tried  in  winter,  exceeded  100,000  cubic  feet  per  minute.  These 
Rsolts  are  obtained  by  the  size  of  the  shafts,  14  feet  in  diameter,  and  the  judi- 
cioas  distribution  of  the  air  into  hve  main  currents,  wliich  are  subdivided 
into  thirty-five  splits.  The  extent  to  which  splitting  may  be  carried  depends 
upon  the  size  of  the  shafts,  which,  like  the  diameter  and  length  of  stroke  of 
the  piston  of  a  steam-engine,  determine,  by  their  depth  and  area,  the  venti- 
kdng  power  of  the  mine. 

Hie  section  of  a  Cornish  mine,  given  in  Fig.  0,  Plate  III.,  exhibits  the 
mode  of  ventilating  a  perpendicular  scam  or  lode,  by  converting  four  out  of 
the  six  shafts  into  downcasts,  and  the  other  two  into  upcasts.  The  pure  air 
in  descending  is  carried  at  once  to  the  working  places ;  and  then  passing 
along  the  levels  of  the  mine,  takes  up  its  temperature  before  reaching  the 
bottom  of  the  upcast  shaft.  The  cliief  causes  of  tlie  defective  ventilation  in 
metaUiferous  mines,  are  the  leakage  which  takes  place  between  tlie  numerous 
shafts  sunk  in  the  same  lode,  and  the  distance  to  which  the  levels  and  shafts 
are  driven  beyond  the  circplating  current.  The  latter  is  partly  obviated  by 
Dnking  winzes  or  short  underground  shafts,  from  level  to  level,  at  intervals 
of  for^  yards  or  less,  as  represented  in  tlie  section.  In  working  beds  or 
Beams,  two  or  more  parallel  drifts  or  galleries  are  driven  out  in  advance  of 
the  rest  of  the  workings,  leaving  a  pillar  (i.e.  a  long  block)  between,  suffi- 
ciently wide  and  strong  to  resist  any  pressure  which  the  removal  of  the  spaces 
at  its  sides  may  bring  upon  it.  This  pillar  is  holed  through  at  short  dis- 
tances to  open  a  passage  for  the  current  of  air  to  pass  near  to  the  face  of  th^  \. 
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work.     As  each  fresh  holing  is  opened,  the  c^onu^  uo   ohaed  witk 
stoppings. 

The  arrows  point  out  the  direction  of  die  enirent  of  air,  «nd  theih 
marked  D.    The  aliadiug  repreaenls  the  portLonB  of  the  lode  excandid,  flia 
darker  shading  indicating  the  worthlew  debris  heaped  up  in  (he  dud. 

In  order  to  bring  tlie  current  of  air  slways  n^  to  the  wodnuw,  a  di 
placed  outside  tlio  last  holing,  and  b  plank  or  cuTaa  paiiitiaii  is  et 
from  tlie  side  of  the  door  to  within  four  or  six  jaid*  of  Iha  and  <if 
OB  rcpreacntcd  in  the  sketch  (Fig.  1,  Plate  IV.),  where  B  ia  tha  A 
removed  to  shon  the  partition  or  brattice  A.    Tb»  air  a 
which  shonld  be  kept  as  large  and  open  as  possible,  and  wider.! 
tliiui  tlio  bottom,  in  order  thnt  tlie  greatest  bodj  of  the  e        * 
D  Icnving  the  brattice,  Ira  thrown  along  the  roof,  wbeie  &•  B 
BCCUmulatcB.     Occasionallj,  an  air-trunk  or  pipe  ia  sobatitDted  fa  M 

i ;  but  uulcsB  a  squaro  foot  or  mora  in  area,  it  is  ii    ~ 
BufBcicnt  quantitj  of  air.    The  sketchos  (Figs.  3  and  3,  Plate  IT.)  ■ 
the  mode  of  fixing  two  otlier  kinds  of  brattioes  A  A,  one  called 
along  tlio  floor,  and  tbo  oUier  along  Uie  rooC     As  the  air  in  a  k 

I  a  t^^ndenc}■  to  enter  along  the  floor,  and  return  by  (lie  roof,  til 
meiit  i>f  tlie  current  should  be  presorred,  and  the  cirmlation  « 
moted.     Xlie  doors  in  a  mine  Bro  placed  so  as  to  o;^ 
of  tlio  current  of  nir.  n-hicli  therefore  tends  to  close  diem.     By 41 
bottom  of  the  door-post  wliich  carries  tlie  hinges  sbont  U 
nnd  tlie  siune  forwards  from  the  perpendicular,  the  door  will  al«i 
itself.    Whcnercr  doors  have  to  be  frequently  opened,  snoh  aa  d 

jn  tmvelliug  roads,  tn-o  doors  sre  plnced  sufficiently  for  qait4l 
the  train  of  trams  stajiding  between ;  bo  that  one  door  b  '  _    * 
when  the  other  ia  open,  the  Tcutilating  current  shonld  not  be  d 
The  Icakn^o,  bowoTcr,  which  necessarily  takes  place  throngh  dooB,  ti 

I  use  of  many  pr^'udicial  to  the  ventilation,  besides  being  a 
tion  of  want  of  skill.  In  former  days,  tlie  old  workings  of  ooal-^niBoa  vm  I 
loft  uiiTcntilatcd.  To  remedy  this,  Spedding  of  WhitehaTen  adt^lad  tti  I 
system  of  coursing  tlio  air ;  that  is.  currying  itbyn 
doors  up  and  down  every  part  of  the  work  open.  A  single  ciuTant  of  air  ill 
the  mine  was  tliua  extended  to  a  length  sometimes  of  forty  or  fif^  n" 
This  lias  f^vcn  'n'ay  to  tiie  system  now  generallj'  adopted  of  splitting.  ' 
panel  or  district  of  work,  represented  in  f^g.  4,  Plate  IV.,  ia  ventilalst' ' 
split  of  nir,  which  is  further  divided  into  two  splits— one  being  o 
through  the  lower  headings  and  boards ;  and  the  other,  after  rentilating  t^  ■ 
pillars  of  coal  which  sre  in  the  process  of  removal,  sweeps  throngh  the  gorf  I 
which  ia  on  tlie  higher  side  of  tbo  work.  By  larger  air-ways  and  better  isg*  ■ 
Isted  fiimacGB,  such  large  bodies  of  air  are  now  introdnced  into  cosl-m 
that  most  of  tlie  doors  can  be  remoTed  which  were  required  to  comfdete  (hi 
distrilmtion  of  the  air. 

In  laying  out  the  ventilation  of  a  mine,  it  frequently  occnra  that  ■■ 
aireiit  of  nir  has  to  be  conveyed  across  another.     This  is  effeetod  bf  • 
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ossiag,"  wliich  may  consist  of  one  brick  tunnel  passing  over  another,  as 
resented  in  Fig.  5,  Plate  IV.,  or  the  separation  beti^een  the  currents  may 
brmed  with  timber  or  boiler  plate.  In  fiery  mines,  where  great  disasters 
lit  ensue  from  the  separation  being  destroyed  by  an  explosion,  the  latter 
erial  is  desirable ;  but  the  sketch  exhibits  a  method  of  building  in  half 
>ers  into  the  arch,  inverted  in  such  a  manner  as  to  offer  the  strongest 
stance  to  any  force  acting  from  above  or  below.  "When  some  of  the  splits 
ir  are  shorter  or  of  larger  area  than  others,  too  large  a  proportion  of  air 
Id  flow  through  them.  Doors,  with  sliding  panels  or  short  walls,  are  placed, 
■efbre,  to  obstruct  the  air-cuirents  in  these  channels.  They  are  called 
ilators.  It  is  obvious  that  if  the  amounts  of  air  passing  along  each  split 
thus  lequalizedf  the  resistances  in  the  long  and  the  short  split  have  been 
Le  equal,  and  that  a  considerable  amount  of  useful  work  is  absorbed  by 
regulators.  It  is,  therefore,  always  desirable,  if  possible,  to  avoid  their 
by  equalizing  the  length  of  the  splits,  or  enlarging  the  area  of  that 
ch  is  unavoidably  the  longest  In  mines  where  the  possibiUty  of  an 
losion  of  fire-damp  has  to  be'  contemplated  and  provided  against,  it  is 
irable  so  to  construct  any  main  regulator  that  it  cannot  be  blown  out,  and 
reby  cause  the  slackening  or  cessation  of  the  air-current  in  other  parts  of 
mine.  To  effiBct  this,  it  can  be  built  up  in  successive  courses,  as  shown  in 
sketch ;  and  sloping  surfaces  are  thus  presented  to  receive  that  part  of  the 
ck  of  the  explosion  which  does  not  find  vent  by  the  opening.  It  has  been 
gested  to  suspend  a  light  door  A,  as  represented  in  Fig.  6,  Plate  IV., 
(ring  freely  on  an  axis,  to  adjust  any  inequalities  in  the  velocity  of  the 
rent  of  air  passing  the  regulator.  The  door  is  counterbalanced  by  a 
ght  B,  which  can  be  adjusted  from  time  to  time,  so  as  to  afford  the  required 
ning  for  the  current.  As  the  current  tends  to  increase,  the  augmented 
Bsure  on  the  door  slightly  closes  it,  and  vice  versa. 
/l¥t1fir*ft'  TcntllaUoa. — The  Furnace. — ^We  have  shown  that  the  tern- 
ature  of  the  rock  of  the  mine,  and  other  sources  of  natural  ventilation, 
se  the  air  to  ascend  the  deeper  shaft  in  winter  and  to  descend  it  in  sum- 
:.  During  the  stage  of  passing  from  one  direction  of  the  motion  to  the 
er,  the  air  in  the  mine  becomes,  for  days  together,  so  far  stagnant  and 
led  with  noxious  gases,  that  candles  are  extinguished  and  the  workings 
>ped.  These  difficulties  were  experienced  and  partly  surmounted  in  work- 
coal-mines  more  than  150  years  ago.  They  are  now  pressing  severely  on 
economy  of  working  in  the  deeper  metalliferous  mines ;  and  doubtless,  in 
one  case  as  in  the  other,  necessity  wiU  ultimately  teach,  at  a  cost  of  life 
i  property  it  is  impossible  to  calculate,  the  simple  means  requisite  for  pro- 
ing  a  uniform  current  of  pure  air  at  all  seasons  of  the  year.  An  antinge- 
it  like  the  Staffordshire  ventilation,  already  described,  consisting  of  an 
pipe,  or  channel,  at  the  side  of  the  shaft,  terminating  in  a  chimney  at  the 
face,  was  first  adopted.  A  fijre  being  lighted  at  the  bottom  of  the  chimney 
snever  the  air  was  "  duU  "  or  "  heavy,'*  the  ventilation  of  the  mine  was 
s  prevented  from  reversing. 
The  last  of  these  contrivances  in  the  Newcastle  coal-fields  existed  at  the 


Foiling  coUiory  in  181 2,  when  ninety-two  persons  were  killed  by  an  expbttm; 
but  tlioy  are  nnfortunately  still  too  common  in  other  districts.  As  thepnDr 
ciplcfl  of  natural  ventilation  became  understood,  it  was  found  desirable  to  add, 
by  artificial  means,  to  those  differences  of  temperature  which  caused  it,  »•» 
to  increase  the  ventilation  or  maintain  it  at  a  uniform  rate,  without  obBtnOr 
ing  the  current  by  confining  it  in  a  narrow  chimney.  . .    ^    i 

The  ahnplc  solution  presented  itself  of  consuming  certain  quantities  of  eoil 
in  tlio  air-way  near  the  upcast  shaft,  in  such  a  manner  as  to  insure  the  heil 
being  taken  up  uniformly  by  tlie  air,  and  as  Httle  as  possible  radiated  or  ib- 
sorbed  into  the  rock  of  the  mine.    For  this  purpose  a  furnace,  varying  fm 
five  foot  to  ten  feet  in  width,  is  constructed  in  an  archway  of  fire  brick,  thi 
bars  being  placed  about  one- fourth  of  the  height  from  the  bottom  or  floj. 
An  air-space  ia  left  for  the  passage  of  some  air  round  the  outside  of  the  ntt* 
and  water  is  allowed  to  stand  in  the  ash-pit ;  whilst  the  main  current  pM« 
above  and  partly  under  tlie  bars,  the  provisions  described  in  the  last  sentence 
intercept  the  heat  which  would  be  radiated  into  the  rock.     The  water  beng 
converted  into  vapour,  increases  the  rarefaction  in  the  ux>ca8t  shaft  The 
drawing,  in  Fig.  7,  Plato  IV.,  represents  one  of  tlie  best  forms  of  collieiy  te- 
naccs  for  producing  an  equable  ventilation,  especially  where  the  coalismntt 
given  to  cUnkor  and  the  bars  have  to  be  cleaned,  wliihrt  the  pit  is  at  woA 
Each  funiace  is  fed  with  coal  alternately.     The  amount  of  ventilation  pro- 
duced by  n  wcll-constnictcd  furnace  varies  in  practice  from  4000  to  8000 
cubic  foot  per  minute  for  each  foot  in  breadth  of  the  bars.     The  bars  a» 
usually  obout  six  foot  from  front  to  back ;  but  the  first  four  feet  are  suffident 
for  tho  lire,  which  should  be  kept  as  thin  as  possible. 

Th«  furnace  should  bo  placed^  at  a  distance  of  thirty  or  forty  yards  froo  i 
the  shaft.  Ro  that  the  currents  of  oir  of  different  temperatures  should  be  more 
unift»rmly  mixed  before  entering  the  ui^cast.     Tlie  furnace  drift  should  begin  | 
to  rise  from  the  front  of  the  fire,  and  rise  not  loss  than  one  in  six  to  the  shaft,  ' 
Ui  acc.>mm<Hlato  tho  expansion  of  the  nir.     It  is  obvious  that  the  area  of  the 
funmco  drift  should  be  lai*gor  than  that  of  tho  oUier  main  air-ways  of  the  , 
mmo.     In  ascending  tho  slmft,  tlio  air  parts  rapidly  with  its  heat.    In  a  per- 
foctly  dry  upcast  shaft  lined  witli  fire-brick,  the  temperatures  of  the  air  at 
:.ft  yjinls  and  100  j-anls  fn>m  tho  surface  were  IBS'*  and  207*  respectivelr;  in 
nnotlior  shaft  at  tho  same  depths.  101^  and  185" :  a  loss,  in  fact,  of  about  I'for 
root  m  nscont.  ahhough  the  air  was  mo\-ing  at  a  velocity  of  Hi  feet  in  a 
conil.     rUis  will  son-o  to  explain  tho  great  loss  sustained  when  the  furnace 
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xmperatare  of  100**,  were  heavier  than  a  column  of  air  of  214  yards  in  height 
md  82*  in  temperature. 

It  has  been  already  shown  that  the  amount  of  ventilation  effected  by  a 
fiimace  is  as  the  square  root  of  the  difference  between  the  temperatures  of 
fte  downcast  and  upcast  shafts,  and  also  as  the  square  root  of  depth  of  the 
finnace  from  the  surface.  It  is  for  this  reason  that  fire-lamps  hung  a  short 
distance  down  the  upcast  shaft  are  inefficient,  and  only  admissible  as  a  tem- 
poiaiy  expedient.  Both  fire-lamps  and  fire  places  on  the  side  of  a  drift  are  in- 
capable of  producing  any  considerable  ventilation ;  as  the  consimiption  of  coal 
is  small,  and  in  the  latter  case  much  of  the  heat  passes  into  the  rock  and  is  lost. 

The  temperature  of  a  furnace  shaft  is  exceedingly  variable,  and  so  also  the 
veatOation,  though  in  a  less  degree.  At  the  Morfa  colliery  (one  of  the  most 
seonomical  examples  of  furnace  ventilation)  00  lbs.  of  coal  were  thrown  on  to 
t  furnace  6  feet  2  inches  wide,  every  quarter  of  an  hour.  The  mean  tempera- 
tire  of  the  ascending  air  25  yards  down  the  shaft,  was,  just  before  the  coal 
VB8  tiirown  on,  189*;  two  minutes  after  the  supply  of  fuel,  100**;  at  Uirce 
■iiiiites  again  190"*;  and  8  minutes  after,  191**.  The  writer  has  met  with 
instances  where  the  ventilation  has  fallen  fr^m  one-seventh  to  one-fourth  in 
tmoont  from  the  neglect  of  the  man  in  charge  of  the  furnace.  In  mines 
vhere  the  ventilation  is  barely  sufficient  to  dilute  the  explosive  gases, 
kov  many  explosions,  apparently  difficult  to  account  for,  may  have  arisen 
frwnthis  cause !  At  the  Cymmer  colliery,  where  lost  summer  116  human 
beings  were  hurried  into  eternity,  one  of  the  foremen  of  the  pit,  on  descend- 
iDgashort  time  before  the  explosion,  found  the  furnace  very  slack,  \^^len 
the  air  returning  from  a  mine  is  very  foul, — that  is,  charged  with  fire-damp 
Warly  up  to  the  explosive  point, — it  flashes  off  in  long  flakes  as  it  passes  over 
^  fire.  The  chemical  affinity  is  raised  by  the  heat;  and  these  flakes  of  fire 
ttnespond  to  the  cap  upon  the  collier's  candle.  In  all  mines  where  there  is 
•  considerable  discharge  of  fire-damp,  the  return- air  containing  the  gas 
■hould  not  be  carried  over  the  furnace,  but  through  a  separate  drift,  called  a 
"dmnb-drift,"  into  the  shaft.  This  drift  should  enter  the  shaft  at  least  20  yards 
jkoTe  the  furnace  drift,  to  prevent  the  possibility  of  the  foul  air  becoming 
ignited.  Hegnault  determined,  in  1853,  that  the  specific  heat  of  air  was  '2609 
^-e.  that  tlie  same  amount  of  heat  which  would  rabe  1  lb.  of  water  one 

degree  in  temperature,  would  raise  the  same  weight  of  air  .ogsy  =  375  degrees ; 

•univalent  to  raising  49  cubic  feet  of  air  by  one  degree.  The  average  of  the 
**»Is  experimented  upon  for  use  in  the  steam  navy,  converted  per  pound  of 
^  consumed  under  an  ordinary  boiler,  8*69  lbs.  of  water  into  steam;  but 
•^cording  to  the  theoretical  heating  power  of  the  average  amount  of  hydrogen 
^  carbon  in  the  coals,  each  pound  was  equivalent  to  the  evaporation  of 
15775  pounds  of  water,  or  the  heating  by  one  degree  of  67-1,975  cubic  feet  of 
•ff.  At  the  Hetton  colliery,  three  furnaces,  one  of  nine  feet  and  two  of  eight 
^ia  width,  gave  a  combined  result  of  11  066  cubic  feet  of  air,  raised  62''  in 
^perature  per  pound  of  coal  consumed,  and  18*86  pounds  were  consumed 
<^  ^e  furnaces  per  minute.    The  nine-feet  furnace  alone  gave  16,320  cubic 
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feet  of  air  raised  20'  as  tho  result  for  each  pound  of  coaL     Tha  tolil 
cITects  in  the  two  cases  were  equivalent  to  raising  680,00^  and  473^260  ciMd 
foot  1*  in  heat  respectively.    It  is  evident  that  the  Hetton  coal  was  of  wqt^ 
rior  quality;  but  that  tho  loss  of  heat  in  the  fumaoes  and  drift  mi  V||| 
small.    The  average  eflect  of  one  pound  of  coal  may  be  taken  aa  inpqHj 
cue  degree  to  500,000  cubic  feet  of  air.  .^JM 

It  is  au  easy  transition  to  proceed  to  calculate  the  theoretic  boneflM 
of  an  upcast  shaft,  of  which  the  area  and  depth  are  given ;  bnt  it  iMf 
more  satisfactory  to  compare  the  useful  work  done  upon  the  air  by  the  eoi- 
sumption  of  one  pound  of  coal  in  an  air-fumaco,  or  under  the  boiler  of  a  vea- 
tllatiug  machine.    It  b  first  necessary  to  explain  tlie  modes  adopted  fiv 
urri\'iiig  at  tlie  results. 

BCeaauvementa  of  TentiUtion.— The  simplest  method  of  measDiiQg 
tho  amount  of  air  x>assing  along  an  air- way  of  uniform  area,  is  to  start  from  ft 
ii}Ctid  point  and  walk  in  the  direction  of  tlio  current  of  air  at  such  a  speed  y 
just  to  keep  upright  the  ilamc  of  a  candle  carried  in  the  hand.  The  kngtk 
travelled  in  one  minute  multiplied  by  the  area  of  the  air- way,  is  the  quantify 
of  air  passing  x)er  minute.  It  is  very  desirable  tliat  tlic  subordinate  offices 
having  charge  of  tlie  ventilation  should  daily  measure  by  a  sand-glass,  aod 
mark  on  the  wall,  tho  distance  they  can  tlius  walk  in  a  minute  in  eveiy  eplii 
of  air  in  the  mine :  no  better  instructor  in  ventilation  could  bo  found.  As  ft 
velocity  under  thirty  hncal  feet  per  minute  does  not  appreciably  defied 
the  tlanic  of  a  caudle,  tliis  metliod  is  evidently  only  an  a^tproximation. 

Powder  smoke  is  frequently  used  for  the  purpose.  Powder  is  flashed  off  en 
the  ground,  and  two  observers  mark  the  instants  at  which  tho  smoke  pasM 
them.  If  the  velocity  of  tlie  last  part  of  the  cloud  of  smoke,  as  well  as  tha 
first,  is  observed,  the  mean  aflbrds  a  close  approximation  to  the  true  velocitf. 
In  the  preceding  methods,  a  considerable  length  of  uniform  air- way  must  be 
selectiid ;  but  greater  accuracy  and  convenience  is  gained  by  employing  an 
anemometer,  whicli  retiuiros  onl}*  to  be  placed  in  several  positions  in  any  spot 
in  the  air-way  to  obtain  the  desired  result.  The  foim  of  anemometer  generally 
used  in  tliis  countrj-  is  Biram's,  which  is  illustrated  in  Fig.  1,  Plate  V.  Each 
revolution  of  the  vanes  corresponds  to  one  foot  in  the  linear  motion  of  the  air,  j 
and  is  registered  on  the  dial-plate.  The  velocity  per  minute  multiplied  by  ike 
area  of  the  place  in  square  feet,  give  the  number  of  cubic  feet  of  aii*  travclliog 
per  minute.  It  is  to  be  regretted  that,  fi'om  the  consti-uction  of  tlicse  six-inch 
anemometers,  a  current  of  100  lineal  feet  per  minute  is  required  to  set  them 
in  motion ;  in  many  ill- ventilated  mines  they  are,  therefore,  useless.  Combe's 
anemometer,  on  tho  other  hand,  being  constructed  i\ith  the  lightness  of  ^^-atch- 
work,  is  set  in  motion  by  a  velocity  of  only  thirty  feet  per  minute.  The 
wheels  A  A  that  register  the  velocity,  can  be  tlirowu  in  and  out  of  gear  with 
the  worm  B  by  means  of  the  strings  C  C,  whilst  tho  four  vanes  DD  are  in 
motion.  Tliis  mstrumcnt,  which  is  generally  used  in  the  continental  minei, 
is  represented  in  Fig.  2,  Plato  V. 

If  air  is  forced  through  a  long  pipe  by  any  machine,  or  drawn  through  it 
by  some  exhausting  contrivance  placed  at  the  other  extremity,  tlic  air  vnH 
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be  found  gradiially  to  decrease  in  density  from  the  beginning  to  the  end  of 
the  pipe ;  and  the  difference  between  the  initial  density  and  the  density  at 
any  other  point,  will  be  a  measure  of  the  resistance  opposed  by  the  air-way 
up  to  that  point.    The  difference  of  these  densities  may  be  ascertained  by  a 
iprater-gauge,  inserted  through  the  side  of  the  pipe,  such  as  is  represented  in 
Fig.  3,  Plate  Y.    The  glass  tube  being  open  at  each  extremity,  ^e  difference 
of  the  water-level  in  the  two  branches  of  the  tube  measures  the  difference  of 
pressure  of  the  internal  and  external  air.    If  the  air  of  a  mine  is  carefully 
zneasored  by  a  barometer,  the  air  will  be  found  gradually  to  <^iminiah  in  the 
same  manner  in  its  density  or  pressure  from  the  bottom  of  the  downcast 
to  the  top  of  the  upcast  shaft ;  but  the  simplest  method  of  measuring  the 
difference  is  to  place  the  water-gauge  through  a  door  which  serves  to  close 
some  short  channel  between  the  bottom  of  the  two  shafts.    The  air  in  the 
galleries  may  be  compared  to  a  long  spiral  spring  of  extreme  delicacy,  drawn 
along  the  ground,  or  to  springs  connecting  carriages  in  a  railway  train.    The 
expansion  at  any  point  measures  the  resistance  of  the  parts  which  follow.  If 
the  train  is  propelled  before  the  power,  the  compression  at  any  point  measures 
the  resistance  of  the  parts  which  precede.    If  the  difference  of  the  level  of 
the  water  in  the  tubes  is  one  inch,  then  the  weight  of  a  square  foot  of  water 
one  inch  deep  being  5*19  lb.,  this  is  the  total  resistance  offered  on  each  square 
foot  of  the  air-way  to  the  passage  of  the  air  round  the  whole  of  the  galleries 
of  the  mine.   This  is  commonly  called  the  '*  drag"  of  the  mine.  Multiplied  by 
the  area  of  the  air-way,  and  then  again  by  the  velocity  of  the  air— -or,  what  is 
the  same  thing,  at  once  by  the  quantity  of  air  passing — the  result  is  the 
amount  of  useful  work  done  upon  the  air  in  forcing  or  drawing  it  through  the 
mine.    To  this  the  resistances  of  the  shafts  ought  strictly  to  be  added.    The 
water-gauge  is  not  only  a  useful  instrument  for  measuring  the  work  done  on 
the  air,  and  instituting  a  comparison  of  ventilating  powers ;  but  by  observing 
it,  as  well  as  the  amount  of  ventilation,  the  person  in  charge  of  the  latter  can 
see  the  effect  of  his  enlargements  or  splitting  of  the  air- currents ;  and  by  a 
sadden  rise  in  the  water-gauge  he  will  know  that  the  fall  of  a  roof  or  other 
obstruction  in  the  air-ways,  increasing  the  resistance  of  the  air  and  dimi- 
nishing its  quantity,  has  occurred.     A  rise,  on  tlie  other  hand,  might  be 
caused  by  leaving  open  a  door,  thus  giving  the  air-currents  a  shorter  run. 

At  the  Tyne  Main  Colliery,  34,055  cubic  feet  per  minute  were  exhausted  at 
a  drag,  measured  by  0*2  inch  of  water,  under  natural  ventilation,  caused  by  a 
difference  of  20"*  between  the  two  shafts.  The  horse-power  expended  in 
effective  ventilation  was  therefore — 

enb.ft.    inehes.      lb. 

33,000 

By  the  consumption  of  16*70  lbs.  of  coal  per  minute,  which  increased  the 
difference  of  temperature  to  04"*,  the  useful  work  became — 

eub.  ft.       incbc8.        lb. 

101,876  .X.-9L6jO:19  ^  ,^.,^  hono-powcr. 
88,000  '^ 
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This  is  the  power  of  a  shaft  208  yards  deep  and  50  square  feet  in  area.  At 
the  Hetton  colliery  the  upcast  shaft  is  158  square  feet  in  area  and  900  feet 
deep  to  the  three  furnaces:  a  difference  of  temperature  of  28**  in  natmal 
ventilation  produced — 

cub.  ft.       inches.       lbs. 
127.14/>  X  0  55  X  519  ^  ^^  horse-powcr ; 
33,000  ^ 

and  a  difference  of  temperature  of  86"*,  the  result  of  the  consumption  of 
18-86  lbs.  of  coal  per  minute,  yielded — 

cub.  ft.      inches.      lbs. 

208,466  X  1-2  X  g-19  ^  39.34  home-powor. 
33,000  ^ 

The  Tyne  main  and  Hetton  shafts  yielded  0*61  and  1*5  horse-power  hj 
the  consumption  of  1  lb.  of  coal  per  minute — a  difference  owing  to  the  higher 
temperature,  the  imequal  area,  and  Uie  metal  tubeing  in  the  former  shaft 

The  average  of  the  coals  tried  under  the  Admiralty  boiler  for  60  lbs.  com 
sumed  per  hour,  evaporated  8}  cubic  feet  of  water,  equivalent  nominally  to  8^ 
hors&  power.  It  follows,  in  this  view  of  the  question,  that  the  IV^e  main 
shaft  yielded  no  more  than  9^ per  cent.,  and  the  Hetton  no  more  than  17}^  per 
cent,  of  the  useful  effect  which  the  same  quantity  of  coal  is  capable  of  yield- 
ing when  applied  under  a  boiler.  A  wide  margin  is  thus  left  for  the  introdae- 
tion  of  a  more  economical,  if  not  more  convenient,  ventilating  power. 

It  has  been  shown  that  in  attempting  to  increase  the  ventilation  In  nj 
colliery  without  altciing  the  air-way,  the  resistance  increases  as  the  square  of 
the  velocity.  Thus,  if  tlie  velocity  be  doubled,  the  resistance  will  be  four 
times  as  great,  and  the  power  expressed  -will  become  2V  x  2^K  =r  U^VR ;  oon* 
sequently  the  power  required  to  increase  ventilation,  the  air-courses  remain* 
ing  the  same,  increases  as  the  cube  of  tlie  velocity  or  ventilation.  But  froB 
the  loss  of  heat  at  high  temperatures,  and  other  causes  incidental  to  the  em* 
ployment  of  power,  it  should,  in  practice,  be  calculated  that  the  fourth  poirer, 
rather  than  the  cube,  approximates  to  the  expenditure  required  in  ventilatiflD' 
It  may  easily  be  conceived  that  a  practical  hmit  is  soon  reached  in  the  appti* 
cation  of  any  ventilating  power;  but  soonest,  perhaps,  in  the  case  of  the  fat- 
nace,  in  consequence  of  the  high  temperatures  and  the  small  exhaustion,  not 
exceeding  in  any  mine  13  lbs.  on  the  square  foot,  which  it  affords.  But,  on  ^ 
other  hand,  if  the  ventilation  is  increased  by  splitting  the  air- current  into  two 
air- ways  of  the  same  area  and  lengtli,  double  the  power,  in  lieu  of  eight  times 
tlie  power,  is  all  that  is  requu-ed  to  double  the  ventilation  when  the  shafts  are 
adequate  in  area.  It  is  by  carr^dng  out  Uiis  principle  that  the  natural  ven- 
tilation of  tlie  Hetton  colliery  exceeded  the  highest  furnace  ventilation  tt 
Tyne  main. 

An  important  deduction  may  be  also  drawn  from  the  artificial  ventOaiion 
being  in  one  case  double,  in  the  other  treble  the  natural  ventOation ;  viz.  that 
the  air- currents  should  be  arranged  in  accordance  Yriih  the  principle  before 
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8  to  obtain  the  greatest  assistance  from  the  natural  tendencies  of  I 


>Jet. — Of  the  yaiioos  yentiloting  powers,  this  is  the  most 
d  to  the  furnace,  when  the  steam  is  allowed  to  issue  near  the 
the  shaft,  for  the  temperature  and  aqueous  vapour  both  aid  in 
le  ascending  air.  This  is  the  chief  efifect  produced  by  a  blast-pipe ; 
^h  very  convenient  in  the  locomotive  engine,  where  the  run  of  the 
;  and  the  exhaustion  required  small,  it  is  unsuited  to  the  efficient 
of  a  mine.  The  introduction  of  the  steam-jet  as  a  ventilating 
LOugh  instances  are  on  record  of  its  previous  employment,  is 

to  Mr.  Ghimey,  who  proposed  it  to  a  Committee  of  the  House  of 
»n  Coal  Mines  in  1835.    The  action  of  the  steam  is  variously  ex- 
r.  Gumey  describes  it  as  acting  by  impulse  and  a  partial  vacuimi, 
le  friction  on  the  air  carrying  the  latter  along  with  it. 
!  jet  is  represented  in  Fig.  4,  Plate  Y.    The  oriiice  usually  varies 

an  inch  to  Jth  of  an  inch  in  diameter.  The  steam  forms  a  cone, 
L  the  last  named  size  of  jet,  and  a  pressure  of  30  to  40  lbs  in  the 

ft.  6  ins.  in  diameter  at  4^  feet  from  the  jet  pipe.  Its  most 
effect  is  obtained  when  it  is  surrounded  by  a  cylinder  not  exceed- 
meter,  and  whose  length  is  about  eight  times  the  diameter.  Glepin 
aaximum  useful  effect  with  a  cylinder  8  inches  in  diameter  and 

when  the  steam  was  at  a  pressure  of  75  lbs.  It  occupied  also  a 
position  in  the  investigations  of  the  South  Shields  Committee,  and 
uentary  Committees  of  1849  and  1852.  The  Seaton  Delaval 
( long  quoted  as  a  successful  example  of  steam-jet  ventilation ;  but 
erature  of  the  upcast  was  130° — i.e,  88**  hotter  than  the  downcast, 
3ur  underground  boiler  fires  and  gas  retorts  consuming  24^  lbs.  of 
ante — ^it  ought  to  be  considered  a  furnace  ventilation,  rather  than 
by  the  steam-jet.  According  to  the  colliery  measurements,  3274 
f  air  per  minute  were  obtained  for  each  lb.  of  coals — ^according  to 
tnent  Inspectors,  only  1862  cubic  feet ;  whereas  we  have  seen  that 
Lain  and  Hetton  furnaces  gave  respectively  6080  cubic  feet,  and 
c  feet  by  the  consumption  of  lib.  of  coal  per  minute.  The 
L  views  entertaiued  of  the  economy  of  the  steam-jet  by  some  persons 
sd  in  the  elaborate  experiments  of  Mr.  Glepin  in  1844 :  but  it  is 
rality  and  talent  of  Mr.  Nicholas  Wood  that  the  mining  world 
i  a  series  of  experiments  made  in  1853,  on  a  scale  never  before 

These  trials  on  the  largest  mines  in  England,  whilst  establishing 
Ative  position  of  the  furnace  to  the  jet,  have  conferred  great  benefit 
ig  the  science  and  practice  of  ventilation.  At  the  Hetton  colliery, 
L  jets  ^  inch  in  diameter  (in  total  area  1*81  square  inch)  exhausted 
at  40  lbs.  pressure  from  two  boilers,  with  hemispherical  ends 
\xea  in  diameter,  and  26  feet  long,  which  evaporated  117^  cubic 
T  per  hour,  consuming  for  this  purpose  at  the  rate  of  25J  lbs.  of 
ante.  The  jets  were  arranged  uniformly  in  tubes  in  the  area  of 
of  the  shaft.    The  downcast  and  upcast  air  were  respectively  at   I 
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46''  and  90^;  difference,  44°.  The  qnantity  of  air  averaged  150,918  cabk  feet 
per  minute,  at  a  drag  of  415  lbs.  on  the  square  foot,  equivalent  to  20*12  hozso- 
power  of  useful  effect;  and  subtracting,  as  before,  11  horse-power,  the  woik 
due  to  natural  ventilation,  the  useful  effect  obtained  from  tlie  jets,  indnding 
the  increased  temperature,  was  0*36  horse-power  for  each  lb.  of  coals  consumed 
per  minute,  one-fourth  only  of  tlie  economy  of  the  furnace. 

At  the  Tjmo  Main  Colliery,  sixty-one  jets,  each  A  of  an  inch  in  diameter 
— ^united  area,  1"08  square  inch — ^wcre  placed  in  cylinders  6  feet  long,  and  11 
inches  in  diameter,  close  to  the  top  of  the  shaft,  the  spaces  between  the 
cylinders  being  closed.  Two  boilers,  80  feet  long  and  6  feet  in  diameter,  con- 
sumed 2048  lbs.  of  coal  per  minute,  and  evaporated  109  cubic  feet  of  water 
per  hour,  equivalent  to  the  same  number  of  horses-power. 

Amount  of  vcnlilation 49,500  cub.  fl.  per  mitt. 

Water-gaugo        0*4  inch 

Drag  on  square  foot 2  lbs. 

Useful  (effect  by  jets  and  natural  ventilation  .    .    .     .  3*114  horso-pover 

Useful  effect  by  natural  ventilation  alone 1*10       „        „ 

Useful  effect  by  jets  alone 2*014    „        „ 

Useful  effect  by  j ets  alone  per  lb.  of  coal  consiuued  per  \  q  098 

minute j  "        " 

Useful  effect  bj'  furnace  alone  per  lb.  of  coal  con-  \  Q.g, 

sumed  per  minute j  "        " 

Useful  effect  by  jets  and  furnace  together  per  lb.  of)  0  428 

coal  per  niiuuto j  "        " 

From  the  above  statement  it  is  evident  that  100  horse-power  expended  in 
steam  only  produced  2014  horse-power — less  than  two  per  cent  of  ueeftd 
effect.  Using  fuel  as  the  standard  of  comparison,  the  economy  of  the  fiunMe 
is  eight  times  greater  tlian  that  of  the  jet.  By  calculation,  an  additianof 
20^  to  the  temperature  of  the  upcast  by  ^le  consumption  of  2  lbs.  of  ooal  p^ 
minute  instead  of  20  j^ lbs.,  would  have  yielded  the  same  amount  of  ventQilioDr 
49,500  cubic  feet  per  minute. 

The  steam  jet  has  been  recommended  as  an  auxiliary  to  the  faroa^- 
Probably  no  more  favourable  example  could  bo  found  than  the  Tj^e  miin 
shaft ;  and  yet,  although  tlie  maximum  of  feet  obtained  by  the  furnace  y^B 
102,500  cubic  feet  at  1*2  inch  water-gauge,  and  the  maximum  by  furnace  aad 
jets  combined  was  100,830  cubic  feet  at  1'25  inch  water-gauge,  the  consump- 
tion of  coal  was  increased  from  1  Of  to  87^  lbs.  of  coal  per  minute.  As  ve 
proceed  with  the  examination  of  the  otlier  ventilating  powers,  it  will,  by  com- 
parison, become  still  more  manifest  that  the  steam-jet  is  one  of  the  most 
expensive  to  maintain ;  but  in  consequence  of  the  insignificant  cost  at  which 
the  jets  can  bo  applied  to  a  shaft,  it  will  often  be  a  convenient  mode  to  apply 
ventilation  in  the  sinking  of  a  shaft  or  other  temporary  object,  where  there  is 
boiler  power  to  spare.  After  an  explosion  of  fire-  damp,  when,  on  aconnt  of  the 
danger  of  another  explosion,  the  furnace  is  extinguished,  the  steam-jet  m*J 
prove  a  valuable  expedient. 

Mechanical  Tentilation, — ^Having  thus  passed  in  review  two  daases 
of  ventilating  ]>owers,  tliere  stUl  remain  for  consideration  ventilation  by 
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tes  and  by  water.  In  institnting  an  economical  comparison  of  the  power 
ed  and  the  nsefnl  effect  produced,  we  will,  for  simplicity,  continue  to 

the  same  unit — ^viz.,  the  consumption  of  1  lb.  of  coal  per  minute — 
^h  subject  to  the  variations  or  errors  incident  to  the  transmission  of 
ver  through  boilers  and  engines  of  various  construction  and  effective- 
)  the  machines  which  alone  operate  upon  the  air.  Mechanical  vcnti- 
may  be  classified  into  pumps,  fans,  screws,  and  pneumatic  wheels, 
lick  machine  of  Cornwall  and  the  Hartz,  the  two  great  schools  of 
ferous  mining,  may  be  considered  as  the  type  of  the  first-named  class, 
improved  by  Mr.  John  Taylor  in  1810.  Figure  5,  Plate  V.,  represents 
irted  tube  A  A  suspended  from  a  beam,  and  working  up  and  down  in  the 
).  As  the  tube  ascends,  the  valves  G  open,  and  it  becomes  filled  with 
of  the  mine.  In  descending,  the  valves  C  close  by  their  own  weight, 
e  enclosed  air  is  forced  out  through  the  valves  D.  An  improved 
e  has  been  for  many  years  ventilating  the  Marihaies  colliery  near 
,'.  Two  iron  tubs  or  aerometers,  each  11  feet  6  inches  in  diameter,  are 
led  to  a  beam  allowing  of  a  five-feet  stroke.  The  velocity  of  each 
ter  was  125  lineal  feet  per  minute;  and  11,500  cubic  feet  of  air  per 

were  exhausted  at  a  drag  of  6}  lbs.  per  square  foot.  Mr.  Struve 
isea,  by  covering  over  the  aerometers,  so  as  to  make  them  double  acting, 
placing  the  valves  at  the  side,  in  order  to  reduce,  by  large  valvcarea, 
rmous  loss  of  power  in  the  valves  of  the  above  machines,  has  succeeded 
ucing  a  machine  far  superior  to  its  preceding  types,  and  excellently 
I  to  ventilation  and  to  the  exhausting  of  large  bodies  of  air.  Figure  6, 
'.,  represents  this  machine  connected  to  a  winding  shaft  B,  which  is 
it  all  times  by  the  lifting  covers  GO.  A  is  the  aerometer  performing 
award  stroke ;  D  D  are  the  valves.  It  is  evident  that  each  aerometer 
exhausting  from  the  mine  and  discharging  into  the  atmosphere  in  all 
f  its  course.  The  largest  ventilation  hitherto  constructed  is  at  the 
Dyfiryn  Golliery  in  South  Wales.  It  consists  of  two  aerometers,  each 
feet  in  diameter  on  an  eigh^feet  stroke,  which  are  therefore  capable 
austing    10,000  cubic  feet  of  air  by  each  stroke.    It  is  expected 

make  eight  strokes  per  minute  when  provided  with  an  engine 
te  to  the  resistance  of  the  mine.    The  following  machines  are  now  at 


Where  situated. 

Size. 

Yean 

at 
work. 

8 
6 
3 
4 

7 

3 

Cost  with- 
out engine. 

Cuhic  feet  of  air 

eapahle  of  heing 

exhausted  per 

minute. 

)U8h  Colliery,  8.  Wulea 
iiister  Colliery,  N.  Wales  . 
>Uiei7,  S.  Wales  .... 
dbachyglo  Colliery,  S.Wales 
od  Colliery,  Swansea     .     . 
on  Colliery,  8.  Wales    .     . 
Dyffiryn  Colliery,  8.  Wales 

Uro  12  ft.  diam. 
two  1 7  ft.  diam. 
two  16  ft.  diam. 
two  16  ft.  diam. 
one  12  ft.  diam. 
two  18  ft.  diam. 
two  20  ft.  diam. 

£300 
700 
600 
400 
200 
800 

1000 

17,000 
60,000 
40,000 
40,000 
16,000 
60,000 
80,000 
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Fig.  7,  Plate  V.,  represents  a  section  of  a  double-acting  air-pnmp,  applied 
by  Mr.  Briddle  at  the  Hebbum  coUierj,  when  the  discharge  of  fire-damp 
rendered  the  employment  of  a  furnace  dangerous.  The  cylinder  was  8  feet 
and  5  feet  square,  and  tlie  piston  made  30  strokes  0  feet  in  length  per  minute.  • 
Machines,  with  pistons  of  11^  feet  in  diameter  and  counterbalanced  valves, 
have  since  been  erected  at  mines  near  Liege. 

Fans. — The  common  straight-vaned  fan,  with  air  entering  on  each  side 
of  the  centre,  as  in  Letoret's  fan,  has  been  erected  by  Mr.  Nasmyth,  at  the 
Skiers  Spring  and  Abercom  mines.  The  fan  at  the  former  place  is  6  feet 
in  diameter,  at  the  latter  12  feet.  A  better  effect  is  produced  by  Letoret'e 
fan,  of  which  there  are  many  examples  at  the  Belgian  mines.  The  sloping 
vanes  A  A  are  adjustable  to  angles  of  from  110°  to  ISO"*  to  the  radius  (as 
represented  in  Fig.  8,  Plate  V.),  according  to  the  velocity  at  which  they  have 
to  be  worked.  B  are  the  entrances  for  the  air,  at  C  is  the  connection  with 
the  upcast  shaft,  and  D  is  the  drum  by  which  the  fan  is  driven. 

Figs,  la  and  lb,  Plate  VI.,  represent  a  vertical  and  horizontal  section 
of  the  curved  vane  fan,  invented  and  applied  to  several  mines  on  the  Conti- 
nent by  the  Inspector-General  Combes.  A  A  are  the  curved  vanes,  occu- 
pying one-third  of  the  circumference ;  B  is  tlie  shaft.  By  calculation,  the 
springing  of  the  vanes  ought  to  form  ^ith  the  radius  an  angle  of  150". 
The  fan,  which  appears  to  avoid  most  of  the  sources  of  loss  of  power,  is 
that  represented  in  Figs.  2a  and  2b,  Plate  VI.  It  was  invented  by  Mr. 
George  Lloyd  of  the  Borough,  and  gained  a  medal  at  tlie  Exhibition  in  1851. 
At  A  is  the  communication  vdih  the  shaft,  at  B  the  openings  from  it  into  the 
fan,  and  C  C  are  the  vanes,  which  occupy  only  one-sixth  of  the  circumference. 
The  throttling  of  tlie  air  in  entering  between  the  springing  of  the  vanes, 
which  causes  tlie  loud  humming  noise  in  fans  running  at  a  high  velocity,  is 
avoided  by  making  the  vanes  wider  at  that  point,  so  that  the  passage  for  the 
air  through  the  vanes  is  of  the  same  area  throughout.  The  same  result  has 
been  obtained  in  a  conical  fan  contrived  by  the  writer,  and  represented  in 
Figs.  3a  and  3b,  Plate  VI.  A  is  the  upcast  shaft ;  B  a  hollow  cone  of  sheet-iron, 
between  which  and  the  outer  conical  side  C  are  the  spiral  vanes  D  D.  There 
is  less  loss  of  tlie  vis-viva,  in  consequence  of  the  shght  deflection  undergone 
by  the  air-current ;  and  by  increasing  the  length  in  proportion  to  the  diameter 
of  the  cone,  a  greater  exhaustion  or  compression  can  be  obtained  than  by 
ordiuaiy  fans. 

Herburger's  fan  was  applied  more  than  twenty  years  ago  to  venti- 
lation :  it  is  represented  in  Fig.  4,  Plate  \1.  It  is  similar  to  the  fan  invented 
by  Mr.  Bninton,  but  has  tliis  advantage,  that  each  alternate  vane  B  being 
shorter,  tlicrc  is  less  tlirottliiig  of  the  air.  The  ingress  of  the  air  is  pre- 
vented by  a  sheet-iron  ring  dipping  into  water  at  C. 

Motto's  Arcliimedcan  screw,  represented  in  Fig.  5,  Plate  VI.,  was  applied 
to  the  ventilation  of  mines,  and  was  awarded  a  gold  medal  by  the  Belgium 
Academy  of  Sciences  in  1840.  Since  that  period  a  large  number  of  venti- 
lators, upwards  of  two  hundred,  of  various  lands,  have  been  applied  in  that 
country  to  tlie  ventilation,  chiefly  of  tlie  coal-mines,  in  which  the  seams  of 
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extremely  thin,  and  which  lie  at  a.  high  inclination,  the  aix-vnyn 
king  conseqnentlj  amaU.  Several  kinds  of  vsntilatora,  in  form,  nearly 
iMembling  hiB  anemometer,  have  been  employed  by  Mr.  Biram  to  ventilato 
colUeries  at  Etsecnr.  Lesoiime's  veutiliitor.  iu  the  Belgian  coaI*field,  closely 
wcmblea  it,  the  vanes  being  fixed  at  the  angles  given  by  Smeaton  for  wind- 

The  two  vontilaton  most  frequently  erected  in  Belgium  are  Fabry's  aitd 
Lamielle'a.  Tiie  latter  oonsist  of  two  wheels 
MTcIviug  in  oppoaita  dirMtions  in  a  case  A,  by 
aeat  of  the  external  cog-wheels  BB,  Fig,  S. 
The  cogs  of  one  of  these  machines  was  0  feet  G 
indies  in  length,  projecting  ^  feet  T  inches  from 
Ibeiientre,  and  was  propelled  by  a  IShorse-poner 
ilauD-engine,  of  12  inch  cylinder,  and  2  feetstroke. 
The  three  teeth  of  the  axle  drives  the  air  in  the 
Jinction  of  tlie  arrows,  with  a  peculitir  arrangement  at  the  centre,  which 
innaU  its  return.  With  the  steam  at  41  lbs.,  the  number  of  strokes  was 
il;  tiie  quantity  of  air  eshaueted,  24,^0  cubic  feet  per  minute,  at  a  rcsis- 
tmce  of  U^  lbs.  per  square  foot.  Its  most  economical  effect  was  at  12}  lbs. 
Hu  machine  oast  .£170;  with  engine  und  boiler,  engine-house,  culvert,  &a., 
£79.  Xbe  annual  expenses  are — ettendance  and  repairs,  £i7  1Gb.  ;  coals 
Al  IGs. :  total,  .£109  12s.     Useful  effect,  7  horsepower  ;  and  for  each  lb.  of 
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'e  used  for  forcing 

1  exhausting  it,      Mr. 

ms  the  invention  at  an 

1  principle  to  Fabry's, 

e  perfect  contact  of 


ootl  per  minute,  26  horse-power.  Fabry's  machines 
the  air  through  the  mine  than 
Qeorge  Jones  of  Birmingliam,  cli 
earJy  date,  of  a  machine  aimilar 
but  of  greater  simplicity,  and  in 

the  revolving  pistons.  It  is  rcprcp resented  in  section  in 
Fig.  7.  Lemielle's  ventilator  bears  much  resemblance  to 
the  rotary  steam-engine.  Yerzy's 
closely  resembles  it,  being  a  cylin- 
der flattened  on  two  sides,  revolv- 
ing on  an  axis  iusido  an  airtight 
'*' ''  case;      To    these     flat    sides    are 

Miehed,  by  hinges,  the  shutters  BB,  which,  by 
U£uu  of  tlie  connecling'rods  moving  round  the  ecccn- 
Inc  axis  E,  are  opened  in  passing  the  space  C,  and 
'lowd  in  returning  by  D.  Ihe  air  is  thus  propelled 
b  the  direction  of  the  arrows.  One  of  thege  ventila- 
lon  at  the  Bois  de  Boussu,  exhausted  21,000  cubic  ^'K'*- 

fc<t  of  air  at  on  exhaustion  of  47  inches,  or  S4  G  lbs.  per  square  foot  drag, 
equivalent  to  16  fl  borse-powcr  of  useful  effect.  A  horizontal  high-pressure 
engine  of  U'B-incli  piston,  and  28-inoh  stroke,  making  MO  atrokca  per  minute, 
'  the  power  of  S  Iba.  of  coal  per  luinule.  The  ventilators  of  Molte, 
C(HDbes,  Biram,  and  Brunton,  are  suitable  for  overcoming  a  drag  of  about 
ilbe.  per  square  foot.     Xistorct's   and  Lloyd's  fans  can  be  worked  up  to 
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10  lbs. ;  the  preocding  machines  sre  capable  of  being  aid«d  by  mny  nitonl 
TentilBtion  which  may  exist,  and  exbanst  soffidenUy  to  TentUMe  moBt  tihimi 
where  the  air-coimea  are  well  laid  out ;  jet,  like  all  qnick-motiaii  Tntfhiift. 
thej  exhibit  a  considerable  loss  of  power. 

WatM  TanUlalion  may  be  applied  when  there  is  an  exeeaa  of  pnnip^ 
power  in  any  mine,  with  an  outlet  for  it  by  an  adit  kveL  Water  whn 
thran-n  into  a  downcast  shnn  after  an  explodon  of  fire-damp,  or  when  th 
air  becomes  dull,  aids  the  ventilation,  by  cooling  the  air.  Mr.  Greennl 
found  at  the  Blockboj  colliery,  that  a  &11  of  wat^  from  two  holea,  one  id 
in  diameter  ciich,  to  a.  depth  of  1^0  yards,  increased  the  ventilation  in  onad 
the  districts  from  K3'J4  enbic  feet  of  air  per  minnfa  to  11 ,569  cnbic  feet.  FSp 
U  to  12,  represent  in  soctioa  four  methods  in  which  water  has  been  appHedb 
A  mine  ventilaUon.  fig.  9  is  the  water  trnnk  osed  k 
.\,iKT  Cornia],  mines.  The  water  flowing  &t>m  A  breilnai 
the  iron  bars  U ,  entangling  the  air  in  its  stream,  lb 
air  paasos  off  by  the  trunk  D,  and  the  water  eoDceb 
vxd  overflows  from  tlie  eistem  C.  Fig.  ID  repictetii 
the  waterblast  {tmmpt)  brought  by  the  Moors  ill* 
Hpnin,  and  nsed  for  bloiving  the  Catalan  forges.  Hu 
pipe  B,  which  tlie  water  enters  in  a  fDimel-(i}ia,p«l 
Btrenm,  regulates  the  discharge  of  water.  The  lir 
enters  cliicUy  by  the  holes  just  below ;  and  when  dH 
water  breaks  on  the  block  C,  is  forced  throngh  the 
wr-trunkJ).  ThewastewaleroverflowsfttE.  Agrwt 
ng.  10,  llf.  \>.      mistake  is  Bometimca  coniniitted  in  making  the  sir- 

tniuk  D  too  small.  It  is  quantity  of  air,  not  relocitr.  that  ia  required  in  un- 
derground operations.  I'ig.  1 1  difTprs  chiefly  from  tlie 
Inst  in  tho  rU-riia  of  the  falling  water  not  being  ex- 
pended on  tho  daahing-block,  but  distributed  on  leav- 
ing the  aperture  C,  over  tbe  area  of  any  shaft  in  which 
tho  water-blast  may  be  jilBceil.  Fig.  lirepresonta  tho 
application  of  watcr^jets  to  the  ventilation  of  a  gallery 
extend  ng  700  yards  froni  the  aliaft.  The  nir  was 
brought  down  by  the  wooden  trunka  0  C.  The  water 
entering  tho  rose  A  passed  dovra  the  ono-incli  gna  pips 
B,ftndwaadiBchnrgc(t  undmiinely-fnnryardBof  pres- 
sure through  the  copper  rosea  DD,  placed  in  the  contra  '""^ 
of  tho  air  trunks.  The  water  issued  like  condensed  Hit. 
steam  from  six  holes  of  one-sixfeenOi  inch  diamclcr  in 
nir  attained  a  velocity  throngh  this  great  lengtJi  of  pipe  of  BOO  lineal  feet 
per  minute,  and  kept  the  enda  at  all  tiraps  clear  of  powder-smoke.  ^Tic  a- 
penditure  of  water  was  short  of  six  gallons  per  minute.  The  method  it 
capable  of  groat  extension  by  arranging  a  series  of  pipea  and  jets  in  tlio  arw 
of  a  shaft,  cither  to  force  or  exhaust  the  nir  of  a  mine.  No  experiments  hKvs 
been  yet  made  to  detomiino  whether  a  mine  can  be  more  economically  van- 
mated  by  a  pmnping-engine  than  by  other  powers ;  but  water  escaping  nnder 
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ipreat  pressure  may  be  applied  with  signal  advantage  to  ventilate  the  hot  ends 
in  metalliferous  mines. 

Blstovy  of  Kinlfig  Jurisprudence. — In  the  four  years  ending  with 
1854,  there  were  1009  lives  sacrificed  by  365  explosions  of  firedamp,  forming. 
Iwwever,  hardly  one-fourth  of  the  deaths  in  coal  mining  (3972)  during  that 
period,  on  which  inquests  were  held.  It  is  probable  that,  with  tlie  exception 
of  catastrophes  arising  from  fire  damp,  the  accidents  in  metalliferous  mines 
■re  at  least  as  frequent;  and  in  both,  a  greater  number  arc  permanently 
maimed  or  die  in  a  short  time  from  the  consequences  of  accidents.  Wliilst 
inquests  are  held  annually  on  46  colliers  out  of  10,000,  there  are  upwards  of 
700  annually  iujured.  Had  it  not  been  for  the  efiect  produced  on  pubHc 
sympathy  by  the  harrowing  details  arising  from  the  sacrifice  of  scores  of  lives 
in  a  few  moments,  by  that  most  fearful  of  all  destroyers,  fire-damp,  the  necessity 
of  providing  against  tliis,  and  the  other  destructive  underground  agents,  by 
fhe  application  of  modem  urprovements,  would  only  now  have  been  forcing 
itself  on  the  attention  of  nations  engaged  in  mining.  Far  removed  as  is 
flie  miner's  workshop  from  the  light  of  day  and  public  observation,  rarely 
visited  by  his  master,  and  subjected  to  inadequate  or  incompetent  supervision, 
legislative  interference,  if  required  in  any  case  by  public  safety  or  sanitary 
necessity,  is  a  fortiori  demanded  to  lessen  tlie  unnecessary  dangers  which 
abound  in  those  dark  labyrinths  from  which  spring  the  chief  elements  of  our 
national  wealth  and  greatness. 

It  was  more  immediately  to  an  explosion  at  the  Horloz  mine,  by  which 
nxty-eight  lives  were  sacrificed,  that  the  improved  mining  code  of  Napoleon 
in  1813  is  to  be  attributed.  Napoleon's  law  of  1810  hod  previously  abrogated 
the  law  (1791)  of  the  National  Assembly,  which  reserved  to  the  Government 
all  mines  more  than  100  feet  in  depth.  By  the  newer  enactment,  which  has 
been  the  framework  on  which  the  mining  jurisprudence  of  several  other  min- 
ing countries  has  since  been  modelled,  the  right  of  granting  concessions  for 
all  mines  was  reserved  to  the  Government ;  and  certain  small  dues,  together 
witli  compensation  for  surface  damage,  were  apportioned  to  the  owner.  A 
petition  by  the  person  seeking  a  concession,  has  to  be  adressed  to  the  Prefect 
of  the  Department,  or,  in  Belgium,  to  the  Provincial  Counsel,  who  satisfy 
themselves  of  the  rights  and  capabilities  of  the  applicants ;  and  on  their 
lid  vice,  and  that  of  the  Government  engineers  of  mines,  the  Minister  decides 
to  whom  and  on  what  terms  the  concession  can  be  granted.  This  power  the 
Qovcruments  of  the  various  countiies  have  employed  to  impose  certain  con- 
litions  on  employers  for  securing  the  due  protection  of  the  life  of  the  work- 
nen  underground. 

In  our  own  country,  the  minerals  have  been  generally  the  property  of  the 
ords  of  the  soil,  except  such  as  contained  gold  and  silver,  wliich  were,  up  to 
iie  reign  of  William  and  Mary,  termed  royal  mines,  and  paid  dues  to  the 
rtovm.  The  crown  also  holds  many  properties  in  the  Forest  of  Dean,  in 
nrhich  the  system  of  granting  concessions  is  not  very  dissimilar  to  that  pur- 
roed  on  the  Continent,  except  that  provisions  are  not  made  for  the  safe  oon- 
lact  of  the  nndexgroond  operations,  other  than  may  be  axnv^^  «^  V}  ^  \ 
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proper  mode  of  extracting  the  minerals.  Aa  an  illustration  of  the  itate  of 
the  miiuiig  population,  and  of  the  little  attention  paid  to  them,  it  may  be 
quoted  as  a  fact  that, "  previous  to  the  year  17 75,  all  colliers  and  other  penooi 
employed  in  coal- works  were,  by  the  common  law  of  Scotland,  in  a  state  of 
slaver}'.  They  and  their  wives  and  children,  if  they  had  awsifitpd  for  a 
certain  i>eriod  at  the  cool- work,  became  the  property  of  the  coal-master,  and 
were  transferable  with  the  coal- work,  in  the  some  manner  as  the  slaves  on  a 
West  India  estate  were  held  to  be  property,  and  transferable  on  a  sale  of  the 
estate.    They  were  emancipated  by  16  Gteorge  III.,  c  28.'* 

Hardly  less  deplorable  has  been  the  condition  of  large  sediona  of  the 
mining  population  in  other  districts.  Untaught,  uncared  for,  and  demor 
alized  by  truck,  they  had  been  abandoned  and  even  encooraged  in  an 
excess  of  licentiousness  and  moral  darkness,  which  are  a  blot  upon  the 
age. 

It  was  only  after  the  explosion  at  the  Felling  colliery  in  1812,  by  whidi 
the  unprecedented  number  of  ninty-two  Uvea  were  lost,  and  the  publication  of 
the  report  of  a  society  then  formed,  "  for  the  prevention  of  accidents  in  coal- 
mines," that  Sir  Humphry  Davy  was  invited  in  August,  1815,  to  visit  the 
north  of  England  collieries,  to  suggest  furtlier  precautions.  In  a  few  weeks 
ho  produced  the  Davy  lamj),  wliich,  in  simplicity  and  practical  utihty,  has 
not  yet  been  excelled. 

The  p-eat  Wallscnd  exi)losion,  wliich  hiurried  into  eternity  101  more 
\'ictim.s,  ushered  iu  the  investigations  of  Uie  Committee  of  the  House  of 
CommouH,  iu  m.'i*),  who,  after  examining  a  largo  number  of  witnesses,  re- 
ported that  they  decUncd  to  offer  any  recommendations,  because  they  were 
unable  to  lay  before  the  House  any  particular  plan  by  which  the  accklcots 
could  be  avoided  with  certauity.  They  recommended  the  rci>orting  of  fatal 
accidents  to  Government ;  ventilation,  to  displace  deleterious  gases,  and  ren- 
der them  no  longer  fatal  to  hfe ;  safety- lamps,  as  a  precaution  against 
apprehended  sudden  changes  in  the  miner's  atmosphere,  and  plans  of  the 
workings;  wliilst  their  strongest  reprobation  vms  reserved  for  the  want  of  a 
sufHcieut  number  of  shafts,  and  the  employment  of  brattice  shafts,  which  the 
sHglitest  explosion  may  destroy.  2070  were  the  whole  number  of  deaths  in 
the  preceding  25  yeai-s,  of  which  the  Committee  were  ablo  to  obtain  inform- 
ation; and  had  they  recommended  any  decisive  measure  to  I^liament,  a 
large  number  of  the  l;i,000  Uves  lost  since  tliat  period  might  have  been 
presen'ed. 

The  valuable  labours  of  the  South  Shields  Committee  followed  the 
sacrifice  of  lifty-two  lives  at  St.  Hilda  in  1H30;  entering  into  the  detailed 
examination  of  safety-lamps,  ventilation,  infant  labour  in  mines,  the  sci- 
entific education  of  ofHcers  of  mines,  and  government  inspection  and  juris- 
diction. They  reported  **tlmt  such  inspection  and  jurisdiction,  for  secur- 
ing tlie  fullest  protection  to  the  pubUc  interests,  are  perfectly  compatible 
with  tlie  private  rights  of  property  and  tlic  freedom  of  trade ;  and  that  the 
principle  has  already  been  acknowledged  and  acted  upon  by  the  legislature 
with  regard  to  railways,  the  professions,  the  manufactories,  and  some  of  the 
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zades ;  and  is  peculiarly  appKcable  to  mining,  unlike  the  former,  fSeu:  removed 
^m  an  enlightened  public  inyestigation."  In  1 842,  the  admirable  Reports  of 
be  Children's  Employment  Commissioners  for  Mines  were  presented  to  both 
Houses  of  Parliament  They  investigated,  with  great  minuteness,  most  of 
file  sanitary  evils  and  the  dangers  to  which  the  mining  population  generally 
ire  subject.  Attention  was  chiefly  directed  to  the  long  hours  and  severity  of 
&e  labour  of  mining  boys :  to  the  accidents  which  arise  from  important  duties 
being  placed  upon  them,  such  as  attending  to  ventilating  doors  and  working 
engines ;  and  to  the  seeds  of  disease  and  mortality  produced  by  poor  air,  and 
vet  or  low  travelling  roads.  Iron-stone  mines  were  found  to  be  less  perfectly 
druncd  and  ventilated  than  coalmines,  and  therefore  more  intensely  pro- 
doctive  of  physical  deterioration ;  at  the  same  time  it  was  established  that  a 
eofd-mine,  when  properly  ventilated  and  drained,  and  when  all  the  passages 
ire  of  tolerable  height,  is  not  only  not  unhealthy,  but,  the  temperature  being 
moderate  and  very  uniform,  it  is,  considered  as  a  place  of  work,  more  salu- 
brions  and  even  agreeable  than  that  in  which  many  kinds  of  labour  are 
esrried  on  above>ground. 

Amongst  the  metalliferous  mines,  it  was  found  that  only  in  the  Cornish 
district  were  many  children  employed  underground.  The  primary  and  ever- 
ictire  agent  which  principally  produced  the  rapid  deterioration  of  the  health 
ind  strength  of  the  miner,  was  the  noxious  air  of  the  place  in  which  the 
woik  is  carried  on.  The  ultimate  effect  of  the  disadvantageous  circum- 
stances under  which  the  miner  is  obliged  to  pursue  his  laborious  occupation, 
is  the  production  of  cei*tain  diseases  (seated  chiefly  in  the  organs  of  respi 
ntbn),  by  which  he  is  rendered  incapable  of  following  his  work,  and  by 
vhich  his  existence  is  terminated  at  an  early  period.  The  presentation  of 
the  report  was  followed  by  an  ever-memorable  speech  from  the  Earl  of 
Shaftesbury ;  and  an  Act  (10th  August,  1842)  prohibiting  the  employment  of 
vomen  and  girls  in  mines,  and  to  regulate  the  employment  of  boys, 
iras  the  first  instalment  of  legislative  justice  vouchsafed  to  the  prayers 
of  many  colliers'  petitions.  By  the  second  section  of  the  Act,  boys  must  not 
be  employed  underground  by  the  owner  before  they  are  ten  years  of  age,  under 
I  penalty  for  such  employment  of  not  less  than  £5,  nor  more  than  .£10 ;  but 
iQj  parent  or  natural  guardian  wilfully  misstating  the  boy's  age  may  be  fined 
I  snm  not  exceeding  £2,  whereby  the  previous  penalty  is  rendered  void. 
The  third  clause  provides  for  the  appointment  of  an  inspector,  an  office  since 
filled  by  Mr.  Tremenheere,  who,  by  his  exertions  for  their  social  improve- 
ment, has  gained  the  regard  of  the  miners ;  and  has  suggested  and  promoted 
the  prize  schemes,  by  which  the  mine-owners  in  many  parts  of  England 
encourage  the  continuance  of  boys  at  school,  afler  the  age  at  which  they  are 
sow  able  to  enter  the  mines. 

The  above  Act  further  renders  illegal  the  employment  of  any  boy  under 
Sflteen  yean  of  age  to  take  the  charge  of  any  engine,  windlass,  gin,  ropes, 
chains,  or  other  tackle,  whereby  persons  are  brought  up  or  passed  down  any 
(haft  or  imderground  inclined  plane.  Any  payments  of  wages  on  the  premises 
tt  public-houses  or  places  of  entertainment,  are  of  no  effect ;  and  the  person 
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paying  is  liable  to  a  penalty,  becaase,  as  dted  in  the  Act,  "  the  pEKtueii 
louud  to  bo  highly  ii\jurioa8  to  the  best  interests  of  the  woridng  cltiw' 
The  time  had  not  yet  come  for  dealing  with  the  mora  serious  defiBCtoin 
The  Iloyol  Commissioners,  Messrs.  Faraday  and  Lyell,  in  1&44,  i 
Iho  loss  of  105  lives  at  Haswell,  and  into  the  explodonat  Jariowintheftlkiv- 
iug  year.    Similar  accidents  at  Bisea,  Oldbuzy,  Ckippnli  and  Aidskf  miOi 
and  tho  pubUc  fceUng  roused  on  every  occasion,  induced  the  Govenmust  ti 
^(rant  further  investigations,  leading  to  reports  and  recommendatioDS  ifauik 
identical  in  their  more  important  features,  but  which  passed  unheeded  I9 
those  responsible  for  the  miner's  security.    The  Committee  of  the  Home  d 
liords  ou  Accidents  in  Coal-mines  in  184U,  again  embodied,  in  aBlofrbooktf 
015  pages,  the  evidence  of  the  leading  engineers  from  most  of  the  waSan 
districts.    The  value  of  the  investigations  made  about  this  period  was  grntl|r 
cnliaiiced  by  the  reports  of  Mr.  K  Blackwell  and  Professor  Phillips,  ootBoii- 
sionci-s  appomted  by  the  Secretary  of  State  to  visit  the  mines,  and  to  nfxA 
on  the  means  of  remedying  the  defects  existing  in  them.    The  lintrTiMMi 
comuiittec  affirmed  "that  every  witness,  wiUiout  exception,  ezpresMdn 
opinion  more  or  less  favourable  to  tho  establishment  of  a  Government  hi^ 
tion ;"  and  in  August  1 850,  an  Act  was  passed  for  this  purpose,  which  gave  ^ 
right  also  to  the  Inspectors  to  examine  mines  and  serve  notices  upoa  11m 
owners  respcctuig  dangers  to  the  persons  employed.    No  power  being  gxanttd 
for  tlie  remedy  of  any  of  the  e>ils,  the  existence  of  which  had  been  detiij 
established,  Commitlocs  of  Parliament  were  again  occupied  with  the  questkw 
in  tlie  yeara  1H02,  1853,  and  1854. 

To  aid  them  in  oniving  at  some  rules  of  safety  which  might  be  practically 
carried  into  eflcct  at  all  coal-mines,  a  meeting  took  place,  at  their  request.  | 
of  representatives  of  the  owners  and  managers  of  collieries  from  all  the 
British  coal-fields.      After  collating  the   colliery  rules,  several  resdutioni 
were  passed,  of  which  tlie  chief  were  that  a  code  of  rules  should  bo  proTwled 
by  the  owner  at  each  colhery,  for  tlie  gtddance  of  the  manager  and  the  went 
men ;  and  that  an  ortiiicial  means  of  ventilation  sliould  be  provided  at  eveiy 
mine,  as  well  as  at  all  times  a  sufficient  current  of  air  through  the  working 
to  render  innocuous  all  injurious  gases.     On  the  recommendation  of  the 
Coinmittoe,  on  Actwas  prepared  and  finally  passed  on  the  14th  August,  1805, 
cmbod^'ing  in  a  modified  form  some  of  the  suggestions  made ;  but  leaving 
tlio  most  material  provisions  of  safety  to  bo  framed  by  the  owner  of  each 
collier}',  imder  Uie  name  of  Special  Bules, — which,  if  not  objected  to  by  the 
Secretary  of  State,  become  binding  on  the  managers  and  workmen.    The 
general  rules  of  tlie  Act  require  shafts  to  be  fenced,  walled  in  dangerous  parts, 
and  provided  vdih  signals  from  top  to  bottom ;  that  machines  used  for  raising 
or  lowering  persons  shall  be  provided  with  adequate  breaks  and  indicators  to 
show  the  position  of  tlio  load  in  the  shaft ;  and  that  to  each  boiler  shall  be 
attached  a  proper  steam-gauge,  water-gauge,  and  safety-valve.     The  other 
general  rule,  wliich  relates  to  ventilation,  is  thus  worded  : — "  An  adequate 
amount  of  ventilation  shall  be  constantly  produced  at  nil  collieries,  to  dilate 
and  render  haimless  noxious  gnses,  to  such  an  extent  as  that  tho  working 
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places  of  the  pits  and.  levels  of  such  collieries  shall,  under  ordinary  circum- 
stances, be  in  a  fit  state  for  working  in."    The  Act  places  the  responsibility  of 
the  employer  in  a  clearer  light,  and  afTords  him  all  the  power  which  he  re* 
qmrcs  to  enforce  the  observation  of  proper  precautions.    It  appHes  only  to 
eoal-mines,  which,  however,  find  emx)loyment  for  more  than  two  thirds  of 
the  mining  population ;  and  it  is  an  experiment,  the  success  of  which  \iill 
be  determined  at  the  end  of  the  five  years'  duration  of  the  Act,  by  the  owners 
hATing  reduced  the  number  of  accidents  in  the  same  degree  as  has  })een 
effected  by  more  precise  rules,  and  more  frequent  supervision,  in  Continental 
mines. 

In  Belgium  a  commission,  composed  of  Government  engineers  i^d 
directors  of  collieries,  drew  up  an  admirable  code  of  regulations  for  the  venti- 
Ution  of  every  description  of  mine.  It  became  law  on  the  1st  of  March,  1850. 
It  commences  thus : — "  In  every  subterranean  working,  all  the  points  to  which 
the  workmen  can  gain  access  shall  be  rendered  healthy  and  safe  by  an  active 
and  regular  current  of  pure  air  ;'*  it  also  proceeds  to  require  air-ways  of  proper 
dimensions,  the  isolation  of  vitiated  currents  of  air,  the  maintenance  of 
close  stoppings,  the  carrying  tlie  air  into  the  working  faces,  and  the  use  of 
doable  doors.  Other  chapters  enter  fully  into  the  ascensional  ventilation, 
and  the  use  of  safety-lamps,  which  are  compulsory  in  every  mine  containing 
ilre4amp.  It  is  remarkable  that  little  attention  has  been  paid  in  this  country 
to  ascensional  ventilation,  which,  by  Continental  engiueers,  is  considered  the 
greatest  modem  improvement  in  the  safety  of  mines.  Wo  have  shown,  that 
hy  carrying  the  air  upwards  through  the  mine  after  it  had  become  heated  in 
the  working  places,  the  ventilation  is  effected  with  tlio  least  expenditure  of 
power.  The  heated  or  explosive  gases  assist  rather  than  retard  the  current, 
and  cannot  accumulate.  To  cany  the  system  out  in  its  integrity,  the  upcast 
shaft  should  be  carried  as  far  as  possible  to  tlie  rise  of  the  downcast  shaft ; 
if  unavoidably  other\^ise,  and  the  mine  contains  fire-damp,  the  return  air 
shonid  be  conducted  with  a  considerable  velocity  down  the  drift  to  the  shaft, 
a&d  aU  naked  lights  excluded  firom  its  viciuity.  The  descent  of  air,  in  places 
which  give  off  fire-damp,  is  the  cause  of  most  of  the  dangerous  accumulations 
of  this  gas  which  are  found  in  mines.  Most  of  the  explosions  can  bo  traced 
to  these  accumulations ;  and  yet  the  manager  who  neglects  to  remove  tliem 
could  not  be  more  needlessly  reckless  of  the  lives  of  his  fellow-creatures,  if  he 
left  an  open  barrel  of  gunpowder  in  a  dwelling-house. 

Many  proposals  have  been  made  by  persons  unacquainted  with  the  work- 
ing of  mines,  for  drawing  off  accimiulations  of  fire-damp  from  goafs  by  means 
of  pipes,  forgetting  the  enormous  resistance  offered  to  the  passage  of  gases 
^Qgfa  pipes  at  a  high  velocity,  as  well  as  the  constant  destruction  of  the  pipes 
^h  would  occur  from  falls  of  tlie  roof,  from  creep,  and  other  causes.  The 
<>pemtion  of  maintaining  them  in  the  goafs  might  be  more  destructive  than 
the  danger  intended  to  be  remedied.  Cases  seldom  occur  in  coal-mining 
^here,  by  a  little  additional  expense,  openings  cannot  be  made  along  the 
Upper  side  of  these  accumulations  of  gas,  by  which  tlicy  may  be  dispersed. 
The  special  rules  of  most  coal-mines  contain  a  provision  to  the  effect  that  all 
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accnmulatious  of  gas  shall  be  removed  with  great  cara  and  without  ddBf,lNt 
in  no  case  until  tlie  men  are  out  of  danger. 

An  abundant  and  weU-distributed  Tontilation  doea  not  neoessarily 
perfect  immunity  (torn  explosion  of  fire-damp.  An  extensiYe  eettlemeiit 
the  roof,  the  intersection  of  a  fault  or  a  blower  of  gas,  may  give  off  at  nj' 
moment  a  sufficient  amount  to  bring  Uie  air  np  to  the  firing-point ;  and  ftt 
accidont:il  neglect  of  the  ventilating  power,  the  leaving  open  of  a  door,  or  ths 
omission  of  the  appointed  officer  to  examine  eveiy  working-place  before  ths 
men  enter,  may  cause  tlie  most  disastrous  explosion. 

Comi>lote  immunity  from  this  class  of  accidents  is  only  to  be  obtained  bf 
superadding):  to  f^ood  ventilation  the  exclusive  use  of  properly  locked  Davy 
lamps  in  all  mines,  or  parts  of  mines,  where  fire-damp  is  liable  to  occur 
in  dancrerous  quantity.  Blasting,  except  under  special  drcnmstances,  and 
the  passing;  of  fire-damp  over  a  furnace,  are  evidently  unsafe.  Out  of  1099 
deatlis  in  seven  years,  reported  by  ^Ir.  Blackwell,  72  occurred  from  under 
ground  furnaces,  1020  from  naked  lights,  and  only  7  frt>m  imperfect  safetf- 
lomps  :  the  evidence  being  very  doubtful  whether  these  lost  should  not  be 
added  to  swell  the  preceding  number.  It  is  the  opinion  of  many  leading 
engineers  tliut  no  fatal  accident  has  ever  occurred  from  a  proper  Davy  lamp. 
No  lii^her  tribnto  could  be  paid  to  hiunan  invention,  and  no  reflection  more 
severe  on  those  who.  after  forty  years  of  trial,  reject  its  aid.  Three-fourtlw 
of  tlic  victims,  in  the  most  destnictivc  explosions,  i>crish  from  suffocation. 
To  avoid  this,  the  workinjjs  of  the  coUierj-  should  be  carrie<l  on  in  sepante 
districts,  or  panels,  separated  by  a  barrier  of  coal,  which  limits  the  extent  of 
tlie  explositm  ;  and  the  sim^dcst  means  of  restoring  the  air-current  consists  in 
providing,  nt  all  main  doors,  an  extra  door,  ordinarily  lying  idle  against  the 
solid  Willi,  but  wliicli  can  be  closed  as  soon  as  the  other  doors  are  blovin 
awav  bv  the  force  of  the  concussion. 

At  the  Cymmer  collier}*  explosion,  by  which  114  lives  were  sacrificed  in 
July  last,  the  (lame  extended  000  yards ;  and  the  after-damp,  or  irrespirable 
pases.  pn\luceil  by  it.  1100  yards  from  the  accumulation  of  gas  which  pro- 
duced tliose  ilisastrv^us  results. 

A  larpfo  portion  of  the  coal-mines,  as  well  as  the  metalliferous,  are,  providen- 
tially, free  from  these  drawbacks  to  miiimg  enterprise ;  but  in  tliem  a  lai]{er 
amount  of  injur}' and  loss  is  inflicted  on  the  workman  by  the  insidioos  bot 
certain  destroyer.  "  poor  air."  Super\-ision  is  nowhere  so  lax  as  in  under 
ground  operations ;  and  education  is  nowhere  more  necessary  in  order  to 
appreciate  and  remedy  difliculties  which  have  too  long  been  left  to  chance. 
One  is  as  important  in  the  economical  arrangement  of  tlie  ventilation  of* 
mine,  as  the  other  is  indis2>ensable  to  2>erfect  and  maintain  it. 
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CHAPTER  Vn. 

HISTORY  OF  BRITISH  METALLURGY. 

no  records  of  the  state  of  the  iron  mana£Gu;ture  of  Britam  previous 
ristian  era;  and  for  several  centuries  subsequent  to  this  period,  it  is 
n  much  obscurity.  That  the  conversion  of  iron  ore  into  malleable 
mown  to  the  ancients,  is  evident  from  the  Sacred  writings.  In  the  Old 
t  mention  is  frequently  made  of  this  metal ;  and  of  Tubal  Cain,  the 
irect  descendant  from  Adam,  it  is  recorded  that  he  was  *'  an  instructor 
rtificer  in  brass  and  iron.'*  This  demonstrates  that  only  a  very  brief 
.psed  between  the  creation  of  the  human  speciee,  and  the  discovery 
t  of  fiEishioning  instruments  of  warfare  and  cultivation  out  of  this 
[y  diffused  metal.  From  the  eastern  nations  the  art  travelled  west- 
l  probably  reached  Britain  through  the  Phoenicians,  who  traded 
3  Islands  for  tin  at  a  very  early  period. 

date  of  the  first  Roman  invasion  under  Csesar,  fifty-two  years  before 
dan  era,  the  English  were  acquainted  with  primitive  modes  of  manu- 
iron,  and  had  attained  considerable  skill  in  the  art.  Under  the  Roman 
it  appears  to  have  increased,  as  evidence  of  extensive  workings 
s  period  is  found  in  several  districts,  especially  in  the  western 
^merset,  Dorset,  Gloucester,  and  Monmouth.  With  the  abandon- 
Britain  by  the  Romans,  about  a.d.  426,  and  its  subsequent  invasion 
lest  by  the  Saxons  in  455,  the  manu£Gu;ture  appears  to  have  greatly 

Occupied  in  internal  dissensions,  or  in  repelling  foreign  invasion, 
itants  bestowed  a  lesser  portion  of  their  time  on  the  cultivation  of  the 
3 ;  and  the  iron  manufacture  apparently  was  limited  to  the  produc- 
itruments  of  warfare.  In  this  state  the  iron  manufacture  remained 
ntnries,  with  little  amelioration. 

s  period,  iron  ore  was  converted  into  wrought-iron,  by  a  process 
n  principle  with  that  followed  at  the  present  time  in  the  manufac- 
n  by  several  foreign  nations.  The  broken  ore,  mixed  with  charcoal 
mbjected  to  a  deoxydating  process ;  the  agglutinated  mass  resulting 
treatment  was  balled  up  and  hammered  into  what  is  denominated  a 
lis  being  re-heated,  was  again  hammered  until  the  desired  efiect  was 

soovery  of  gunpowder,  and  its  application  to  warfare  in  the  fourteenth 
ippears  to  have  caused,  indirectly,  a  very  great  improvement  in  the 
ifacture.  Hitherto,  the  object  had  been  limited  to  the  production,  in 
ntities,  of  malleable  iron  made  direct  from  the  ore ;  the  requirements 
avy  ordnance  which  soon  began  to  be  used  in  warfare,  demanded 
iron  of  considerable  magnitude.    The  period  at  which  the  art  of 
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casting  iron  was  invented,  is  not  known.  The  first  cannon  were  compow 
partly  of  cast  and  partly  of  wrough-iron ;  which  latter  in  their  turn  wei 
supplanted  by  cannon  composed  entirely  of  cast-iron.  The  casting  of  hea^ 
ordnance  gave  a  great  impetus  to  the  iron  manufacture,  and  materially  tend( 
to  its  development  in  districts  where,  previously,  it  had  only  a  langoishii 
existence.  This  development  was  largely  increased  by  the  rolling-mill,  one  ( 
which  was  erected  in  England  by  a  foreigner.  Sussex  became  an  importai 
seat  of  the  manufacture,  and  continued  to  retain  this  position  until  the  search 
of  timber  threatened  to  put  a  complete  stop  to  the  numerous  furnaces  as 
forges.  The  destruction  of  the  forests  proceeded  with  such  unabated  rapidit] 
that  the  latter  part  of  the  sixteenth  century  witnessed  the  passing  of  Acts  < 
Parliament  restricting  the  consumption  of  wood  as  fuel,  and  defining  the  kin 
permitted  to  be  used  in  the  iron  manufacture.  This  led  to  the  stoppage  < 
many  works,  and  the  curtailment  of  the  trade  to  such  an  extent,  that  the  & 
portation  of  iron  was  rigorously  prohibited,  lest  there  should  not  remam 
sufficiency  for  home  use.  For  some  reason  not  very  apparent,  the  timber  c 
Sussex,  of  the  wold  of  Kent,  and  certain  parts  of  Gloucestershire,  was  ea 
empted  from  this  protection ;  to  which  circumstance  the  present  comparatiT 
absence  of  timber  in  these  localities  is  attributable. 

Early  in  the  seventeeth  century  we  find  recorded  the  first  attempts  t 
smelting  with  pit-coal.  Mr.  Dudley,  of  whom  there  is  littie  known  except  i 
connection  with  the  iron  manufacture,  obtained  a  patent  about  1620,  tmik 
which  he  proceeded  to  smelt  with  this  fuel.  His  efforts  were  attended  vit 
success.  Iron  appears  to  have  been  made  in  considerable  quantities,  and  i 
cheaper  rates  than  previously.  The  entire  applicability  of  mineral  fael  1 
smelting  having  been  practically  demonstrated  by  Mr.  Dudley's  experiment 
tlie  proprietors  of  charcoal  furnaces  took  alarm  at  the  speedy  tenninatk 
which  threatened  the  manufacture  by  that  process ;  and  combining  togethe 
endeavoured  to  prevent  further  extension  in  the  new  direction ;  and  for  a  fc 
years  they  succeeded  in  controlling  its  progress :  but  on  the  expiration  of  M 
Dudley's  patent,  several  persons  embarked  in  the  smelting  of  iron  with  pi 
coal  fuel.  Failure  for  the  most  part  continued  to  attend  their  efforts,  nni 
the  early  part  of  the  eighteenth  century ;  when,  after  encountering  many  di 
appointments,  and  surmounting  the  difficulties  usually  attendant  on  bold  inn 
vations  on  existing  modes,  the  manufacture  of  iron  with  pit-coal  was  pc 
mancutly  established.  At  this  period,  also,  the  art  of  rolling  iron  into  plati 
between  steel  cylinders  came  into  use. 

During  the  second  half  of  the  eighteenth  century,  the  iron  manu&ctm 
remained  in  a  transition  state.  Charcoal  was  gradually  being  discontina< 
as  a  smelting  fuel,  its  place  being  supplied  by  coke.  Districts  hitherto  eel 
brated  for  their  numerous  forges  and  furnaces  lost  their  importance  with  tl 
exhaustion  of  the  forests;  and  dwindled  into  comparative  insignificsnc 
while  the  manufacturers  transferred  tiieir  skill  to  localities  favoured  with  > 
abundant  supply  of  cheap  coal.  Smelting  furnaces  were  rapidly  constructi 
on  the  skirts  of  such  of  the  coal-fields  as  appeared  to  offer  a  continuoi 
supply  of  tiiese  great  elements  of  success — good  fuel,  ore,  and  flux ;  for 
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s  soon  found  that  the  day  iron-stone  was  in  most  instances  contigaoos  to 
B  ooal-fields.  The  iron  indostry  of  the  kingdom  concentrated  itself  aronnd 
e  hiUa  of  Gloucester,  Monmonth,  Glamorgan,  Salop,  Worcester,  and  the 
est  of  Scotland ;  and  spots  hitherto  nearly  uninhabited,  being  found  to  con- 
ia  ihe  elements  of  boundless  wealth,  and  prosperity,  in  their  coal-fields  and 
soompanying  ores,  became  crowded  and  populous  districts. 

The  inyention  of  the  steam-engine,  and  its  subsequent  adaptation  to  the 
nnts  of  the  iron-smelter,  led  to  other  important  improvements.  Hitherto 
he  mannfacture  of  iron  could  only  be  carried  on  with  profit  by  the  assistance 
if  water-power,  to  set  in  motion  the  wooden  bellows  used  in  the  blast  furnaces, 
)r  in  working  the  small  cylinders  for  compressing  air  which  subsequently 
took  their  place.  This  necessity  of  water-power  resulted  in  the  establishment 
ofnumy  of  the  fdmaces  in  localities  at  too  great  a  distance  from  the  minerals 
for  obtaining  the  necessary  supply  of  (»re  cheaply.  The  mountain  streams 
iIbo  thus  turned  to  account  were  liable  to  frequent  changes  of  volume ;  the 
Duam&cture  was  thus  extremely  precarious,  depending  entirely  upon  the 
state  of  the  streams.  With  the  application  of  steam  for  w(»rking  the  blowing 
sppanituB,  however,  the  manufacture  steadily  progressed.  Ifon  cylinders,  at 
fiist  of  smaU  diameter^  were  introduced,  and  finally  supplanted  altogether 
^  old  wooden  apparatus  in  England.  In  some  of  the  more  remote  American 
BUtes,  machinery  of  this  primitive  construction  is  still  very  common ;  while 
n  others,  the  inventive  genius  of  the  people  has  introduced  contrivances 
fipd  to  our  own.  It  was  soon  found  that  by  proportioning  the  relative 
capacities  of  the  two  cylinders  of  the  engine,  the  quantity  and  density  of  the 
Ito  could  be  increased  to  any  desired  anK>unt  l^e  effect  of  this  was  seen 
i&  the  augmented  produce  of  the  blast-furnaces  then  at  work.  In  the 
^egmning  of  the  eighteenth  century,  some  of  the  pit-coal  furnaces  made  six 
V  seven  tons  per  week, — a  quantity  which  was  increased  after  the  discovery 
i  steam-power  to  twenty,  and  in  some  instances  to  so  large  a  quantity  as 
i%-five  tons,  in  a  single  week. 

This  period  of  the  manufacture  is  distinguished  also  for  the  invention  of 
idling  cast-iron,  to  which  the  world  is  indebted  to  the  late  Mr.  Cort.  By 
^  adoption  of  this  process,  the  conversion  of  the  iron  into  malleable  bars 
"«s  effected  with  less  waste  of  material  and  at  smaller  expense  than  pre- 
'ioody.  The  application  of  grooved  rollers — also  the  invention  of  Mr.  Cort — 
to  rolling  the  iron,  previously  subjected  to  the  puddling  process,  advanced 
^  manufacture  another  step. 

The  first  twenty-five  years  of  this  century  produced  no  great  improve- 
BientB  in  the  iron  manufacture.  The  first  ten  or  twelve  years  were  years  of 
nnosual  prosperity ;  manufiacturers  obtained  prices  for  their  iron  higher  by 
Bereral  pounds  per  ton  than  has  since  been  realized.  Years  of  great  pros- 
P^ty  are  commonly  barren  of  important  inventions,  keen  competition  and 
low  prices  being,  apparently,  required  to  stimulate  invention.  Minor  improve- 
i^t8  were  made  in  the  processes  of  puddling  and  rolling ;  but  the  system  of 
Bneltiiig  remained  nearly  in  the  condition  it  so  suddenly  attained,  consequent 
Ott  the  application  of  steam  to  propelling  the  blowing-engines.    The  water- 
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regulator,  for  equalizing  the  preesure  of  the  Miat  in  tfaa  intemJa  hetwcai 
the  strokes,  was,  however,  finally  abandoned  at  this  period;  theinoutnn 
conveved  from  its  snr&ce  into  the  ftumaoe  being  lonnd  inSnitely  BKne  iiqii- 
rious  than  the  small  irregularity  in  the  stream  of  Uast  whkih  it  was  intended 
to  regulate.  More  powerfdl  engines  were  constructed  and  laiiger  ftnnaeei 
built,  bv  which  means  the  produce  of  the  ftunacea  was  Iwrgdy  angmeiited, 
especiallv  in  the  South  Wales  district  In  the  district  next  in  importanee, 
namely,  Staffordshire,  the  increase  was  much  smaller;  iHiile  tfaa  funacei  of 
Scotland  remained  nearly  stationary  as  to  produce  and  airangements. 

In  tlie  second  twenty-five  years  of  the  centmy,  the  aocfdental  discoreiy 
of  the  hot  blast  by  Mr.  Neilson,  and  its  subsequent  application  to  the  ScotA 
furnaces,  placed  these  nearly  on  a  level  with  the  more  sonthem  distridi. 
Tlie  force  of  example  also  induced  other  proprieton  to  foUow  the  fanprored 
Welsh  models,  with  a  corresponding  economy  of  ftieL  An  accidental  dis- 
cover}' made  a  few  years  subsequently  also  led  to  the  adoption  of  an  in^roved 
model  of  furnace,  by  which  raw  coal  could  be  advantageonsly  snbBtitated  fer 
coked  coal.  No  sooner,  however,  was  this  improvement  in  the  ibrm  of  tiie 
furnace  adox>ted,  than  it  vitLS  ascertained  that  the  advantages  resulting  from 
the  use  of  tlie  hot  blast  had  become  less  apparent ;  nevertheless,  this  inventioii 
forms  a  link  iu  the  history  of  the  Scotch  iron  trade.  The  low  percentage  of 
the  Scotch  earthy  carbonates  led  to  trials  of  a  carbonaceous  ore  previoualT 
considered  wortliless,  and  a  very  few  years  later  this  mineral  formed  the  chief 
ore  supplied  to  the  blast-furnaces  of  Scotland ;  while  its  fusible  character, 
and  tlie  facility  with  which  crude  pig-iron  could  be  smelted  from  it,  caused  i 
suddeu  augmentation  of  the  trade  to  five  or  six  times  its  former  magnitude. 

The  rapid  development  of  the  railway  system  at  this  period  produced  its 
natural  result  on  the  iron  manufiicturo,  forcing  up  prices  to  higher  rates  than 
had  prevailed  for  tliirty  years.  New  works  started  into  existence  in  eveiy 
direction,  while  old  ones  wore  enlarged ;  and  such  was  the  activity  displa3red, 
that  in  five  or  six  years  the  annual  production  of  iron  was  nearly  doubled. 
A  temx)orary  cessation  of  railway  works,  a  few  years  back,  resulted  in  grett 
depression ;  but  the  low  prices  wliich  ensued  were  ultimately  beneficial,  inis- 
mucli  as  tliey  placed  iron  in  advantageous  competition  widi  wood  for  ship- 
building, with  stone  and  timber  in  bridge  and  house -building,  and  genenlly 
with  all  otlier  constructive  materials;  while  the  direct  progress  of  Conti- 
nental, American,  and  Indian  railways,  has  helped  to  keep  up  the  interests 
engaged  in  this  important  manufacture. 

For  many  years  attempts  had  been  made  to  smelt  with  anthracite  coal,  of 
which  South  Wales  oontains  a  large  quantity,  but  unsuccessfully.  Lnm  had 
been  made  in  Pennsylvania  with  this  fuel,  and  elaborate  experiments  with  i 
view  to  its  adoption  had  been  conducted  in  France,  without  leading  to  any 
commeroial  result.  Mr.  Crane  eventually  succeeded,  after  several  fii^lures,  in 
smelting  with  this  coal;  but  through  inattention  to  the  principles  idiich 
should  guide  the  smelter  in  its  use,  anthracite  has  never  made  progress  in  this 
country,  although  its  close  resemblance  in  construction  to  charcoal  renders  it 
so  valuable,  as  we  shall  seo  in  other  countries ;  the  consequence  is,  that  at  this 


dftjF  a  m^orify  of  the  furnaces  erected  for  its  use  have  returned,  in  part  or 
wholly,  to  coke  of  hitnminous  coal. 

The  high  piic&  of  iron  consequent  on  the  railway  excitements  of  1836 
ind  1845,  led  to  the  mining  on  an  extensive  scale  of  the  ores  of  Lancashire, 
Gomherluid,  Cornwall,  North  Wales,  Dean  Forest,  and  other  localities,  for 
QM  in  the  South  Wales  and  South  Staffordshire  fiimaoes ;  and  an  extensive 
tnde  ^rang  up  in  these  districts,  which  subsequent  years  have  greatly 
enliiged.  Several  minor  improvements  and  alterations  in  the  manufacture 
««re  also  pezfected,  which  gave  increased  fEudlities  to  its  progress ;  running 
ths  iron  into  the  refining  furnace — refining  in  reverberatory  furnaces,  sub- 
leqnently  improved  to  working  the  molten  iron  direct  from  the  smelting  fur- 
nace— ^running  the  refined  iron  into  the  puddling  furnace — straightening  bars 
Vy  machinery — squeezing  instead  of  hammering  the  puddle  blooms — ^the  use 
of  circular  saws  for  cropping  the  ends,  and  several  other  modifications  of 
Mutely  less  note,  may  be  reckoned  among  these  improvements.  The  pro- 
bee  of  many  of  the  blast  furnaces  of  Scotland,  Staffordshire,  and  South 
Wales,  was  also  increased  to  an  average  of  nearly  100  tons  weekly ;  while  in 
tkw  instances  nearly  twice  this  quantity  has  been  obtained. 

The  half  dozen  years  of  the  third  period  of  the  century  are  chiefly  remark- 
•Ue  for  the  attention  paid  to  the  oolitic  ores  of  the  Northern  and  Midland 
fioonties.  Several  works  have  been  erected  in  their  vicinity;  and  it  is  antici- 
fiied  that  in  a  few  years  a  large  proportion  of  the  iron  for  castings,  and  other 
pirpoies,  will  be  derived  from  the  new  districts.  Mr.  Warrington  Smyth,  in 
Ui  recent  survey  of  tiie  mining  fields  of  the  North  and  Midland  districts, 
states  the  number  of  furnaces  in  blast  to  be  as  follows : — ^Northumberland, 
Dnrfaam,  Yorkshire,  Cleveland,  Lancashire,  and  Derbyshire,  125  ;  represcut- 
iag,  ia  plant  and  buildings  alone,  a  capital  of  half  a  million  sterling. 

HISTOBIGAL  BEXABXS  OM  COPFEB  MINING. 

Copper  is  one  of  the  metals  known  to  the  ancients,  though  it  is  not  certain 
te  the  metal  mentioned  in  the  Book  of  Moses  was  the  same  as  the  pure 
copper  of  modem  times.  For  a  long  period  in  the  history  of  the  world,  this 
■dil  appears  to  have  been  used  as  the  chief  ingredient  in  an  alloy  in  which 
^  played  a  secondary  part  This  alloy — smelting  at  a  lower  temperature 
tbaa  pure  eopper — ^was  also  capable  of  being  worked  with  greater  fEunlity 
tbaa  iron :  in  consequence,  it  was  very  generally  used  for  instruments  of  war- 
^  of  agriculture,  and  of  art,  by  nations  of  antiquity.  By  attention  to  the 
xditive  proportions  of  the  ingredients,  the  qualities  of  hardness,  temper,  and 
flhitieity,  seem  to  have  been  controlled  to  an  extent  seldom  attained  in  any 
lodem  alloy  of  tin  and  copper. 

The  historical  records  of  this  metal  are  even  more  scanty  in  the  ancient 
viitings  than  are  those  concerning  iron.  The  earliest  copper  mines  on  a 
kige  scale  of  which  we  read,  appear  to  have  been  worked  by  Greeks  in  the 
aland  of  Cyprus ;  idienoe  it  is  probable  the  name  copper,  in  Greek  icvwpw, 
Tke  quantities  wrought  so  hx  back  as  700  b.o.  must  have  been  considerable, 

in  the  succeeding  centuries  the  formation  of  bronze  statues  was  very 
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prevalent.  Bhodes,  Delplii,  and  Athens,  appear  to  have  contained  seyend 
thousand,  varying  in  weight  from  a  few  hundredweights,  to  dimensions  ex- 
ceeding those  of  any  modem  casting. 

From  the  breaking  up  of  the  Roman  Empire  to  the  commencement  of  the 
thirteenth  century,  we  are  without  any  authentic  accoimt  of  the  progress  made 
in  working  this  metal.  There  is  every  reason  for  believing  that,  in  these  the 
dark  ages  of  metallurgical  science,  the  arts  of  copper-mining  and  smelting 
were  well-nigh  extinguished,  and  that  the  requirements  of  warfare  were  sap- 
plied  by  melting  down  tlie  statuary  bronze  of  the  Romans  and  Greeks.  In 
England,  the  earliest  reference  to  copper  mines  dates  from  the  middle  of  the 
twelfth  century ;  when  a  patent  was  granted  for  working  certain  mines  in 
Cumberland.  In  the  four  succeeding  centuries,  the  production  of  copper  wu 
encouraged  by  bounties,  and  the  exportation  of  the  metal  prohibited  under 
severe  penalties.  This  is  indirect  evidence  of  a  comparative  scarcity  of 
copper ;  a  result  probably  of  the  increased  attention  paid  to  the  working  ci 
iron,  when  it  had  advanced  so  far  as  to  produce  ordnEince,  as  well  as  goods  of 
wrought-iron  and  steel.  However  that  maybe,  about  the  end  of  the  seventeenth 
century  we  find  the  Cornish  mines  producing  small  quantities  of  ore,  which 
was  bought  up  by  smelters  from  Bristol  and  adjacent  places.  The  prodoo- 
tion  appears  to  have  been  under  1000  tons  per  annum ;  and  any  very  large 
increase  was  prevented  by  difficulties  attendant  on  the  drainage  of  the  mines 
after  a  few  fathoms'  doptli  had  been  attained.  For  many  years  the  production 
remained  nearly  stationary;  the  average  produce  in  1730  falling  within 
3400  tons ;  from  this  period  of  inactivity,  however,  it  rapidly  increased,  and 
we  find  the  produce  nearly  60,000  tons  at  the  end  of  the  century. 

This  remarkable  increase  was  consequent  on  the  greater  depth  to  which 
the  mines  were  prosecuted  when  available  drainage  power  was  discovered. 
In  the  seventeenth  century,  attempts  had  been  made  to  use  steam  for  this 
purpose ;  but  it  was  not  till  the  beginning  of  the  eighteenth  that  steam-engines 
were  adapted  successfully  to  mining  operations.  The  pressure  of  the  atmos- 
phere, obtained  by  creating  a  vacuum  under  the  piston,  was  the  power  first 
used  in  the  Comisli  engines ;  and  the  most  successful  on  this  principle  appear 
to  have  been  devised  by  Newcomen.  Imperfect  as  these  engines  confessedly 
were,  it  is  not  too  much  to  say  that  their  imperfection  arose  as  much  firom 
the  comparatively  rude  condition  of  manufacturing  engineering  at  the  period, 
as  from  defective  principle.  However  that  may  be,  with  the  aid  of  New- 
comen's  engines,  mining  wa^  prosecuted  for  many  years,  and  the  production  of 
copper  rose  from  2400  to  30,000  tons  annually.  At  a  later  period,  Smeaton 
improved  this  form  of  engine,  and  erected  one  with  a  cylinder  seventy-two 
inches  in  diameter  for  draining  one  of  the  Cornish  copper-mines.  The  dis- 
covery by  Watt  of  the  principle  of  condensation  in  a  vessel  separate  firom 
the  working  cylinder,  led  to  a  great  economy  of  fuel,  and  thus  enabled  com- 
paratively poor  mines  to  be  worked  with  profit.  Homblower  improved  on 
Watt's  engines  by  using  the  steam  expansively ;  and  a  few  years  afterwards, 
Trevethiok  introduced  high-pressure  steam.  The  inventions  of  these  two 
mining  engineers  were  rapidly  adopted ;  and  in  twenty-five  or  thirty  years  the 
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suiuption  of  fuel — the  most  costly  item  in  drainage — waa  reduced  to  onc- 

of  its  pre>'ious  amount. 
^iih  the  reduced  cost  of  draining  mines  by  high-pressure,  expansive,  and 
g  engines,  macliinery  has  been  appUed  to  some  otlier  operations. 
ion  of  the  cruHliing-mill,  tram-road,  macliine- wrought  ore- cleaning 
.toB,  and  inventions  of  lesser  note,  has  resulted  in  a  corresponding 
mving  of  manual  hibour. 
TDie  nineteenth  century  has  witnessed  a  furtlicr  remarkable  increase  in 
production  of  copper.  Devon  has  contributed  largely  to  tlie  general  stock ; 
Wicklow  in  Ireland,  and  Anglesey  in  Wales,  have  produced  large  quan- 
of  ore,  in  conjunction  with  minor  districts ;  raising  tlie  gross  produce  of 
to  more  than  200,000  tons.  Discoveries  were  made  of  large  deposits 
Superior,  and  other  districts  of  America,  such  as  New  England,  New 
;  Flennsylvania,  Oregon,  and  North  Carolina,  where  it  is  found  native.  In 
Cliff  Mine  on  Lake  Superior,  masses  of  iron  have  been  found,  weighing 
tons,  in  the  trap  or  sandstone  rock.  It  is  also  found  in  the  island  of 
in  the  Chilian  provinces  of  South  America,  and,  still  more  recently, 
■^^yjnahle  mines  have  been  found  in  South  Australia,  which  have  tended  to  supply 
insreflsed  demand  for  the  metal,  resultiug  from  tlie  advance  of  engineering 
llie  arts.  Much  of  the  colonial  ore  is  reduced  near  tlie  mines,  and  conse- 
.  ^^MBtly  does  not  appear  in  the  home  trade.  Tlie  same  may  bo  said  of  the 
.^'Ihnrqpan,  Saxon,  German,  Hungarian,  and  other  foreign  ores,  which  are 
^  ytfy  mined  in  small  quantities.  It  is  in  England,  however,  that  the  greatest 
'ilppsr  manaiactories  are  estabhshed ;  and  however  rude  and  antiquated 
Muj  of  the  processes  still  pursued  at  home  may  be,  foreign  manufactured 
ii|par  is  still  less  valuable  than  English. 

ft— a, — ^Lead  is  one  of  the  metals  known  to  the  ancients,  being  mentioned 
k  the  Books  of  Moses.  For  a  very  long  i>eriod,  however,  the  production  of 
metal  must  have  been  small,  and  we  have  no  authentic  records  of  tlie 
made  in  its  manufacture  previous  to  the  Christian  era.  It  seems 
ll|jh^  probable  that  the  Eastern  nations  obtained  their  principal  supply  from 
dftbk  and  Britain,  along  with  the  more  valuable  metal  tin ;  as  explorations, 
ktiing  evident  traces  of  great  antiquity,  have  been  discovered  on  lead  veins 
ia  Wales,  Derbyshire,  and  Northumberland.  Lead  mines  abound  to  a 
IbUuiI  extent  in  France,  Bohenda,  Saxony,  and  other  {Muts  of  Europe ;  but 
inllie  m^oritj  of  these  countries  the  prosecution  of  lead  mining  is  a  modem 
Vnneh  of  industry  of  very  limited  extent  In  England,  the  most  productive 
■faMs  are  in  Durham  and  Northumberland;  Cardiganshire,  Derbyshire, 
loriohire,  and  Cornwall,  produce  eonsideraUe  quantities  of  lead.  At  the 
oommencement  of  the  present  e^itury,  the  production  in  this  country  scarcely 
■imged  10,000  tons  annually ;  but  at  the  present  time,  several  minor  districts 
inirilmte,  along  with  Scotland,  Ireland,  and  the  Isle  of  Man,  to  produce 
ttmallj  a  supply  of  nearly  100,000  tons  of  lead  ore,  or  of  78,000  tons  of 
Mdlislead. 

Thi  lugs  increase  which  kas  taken  place  is  referable  to  circumstances 
to  those  which  influenced  the  progressive  increase  in  th(^  co\)i^T 


\ 


152  DIFTDSIOM  OP  LBAD. 


trade ;  such  as  improved  mining  machineiy,  rendering  the  proeecDtion  of 
deep  mines  profitable,  the  adoption  of  roller  grinding  miUe,  rtemping  ndlli, 
and  machine-wrought  washing  apparmtOB,  resulting  in  greater  eeononij  in 
the  dressing  of  the  ores.  Every  reduction  of  coet  in  dreadng  has  given  aa 
impetus  to  tlie  exploration  of  veins  previously  eonjiidered  too  poor  to  beir 
Uie  attendant  high  dressing  charges.  The  most  important  modem  inventifla 
connected  with  this  metal  is  the  de-silvering  proceas  of  Pattanson ;  by  whidi 
the  silver,  commonly  found  to  the  extent  of  three  to  thirty  anneea  per  ton  of 
lead  ore,  is  extracted  in  an  inexpensive  manner.  By  this  de-aQvering  pro- 
cess, more  than  500,000  ounces  of  silver  are  annually  obtained  finom  Bi^iih 
lead  ores. 

The  produce  of  lead  in  Great  Britain  amounts  to  fully  two-thirds  of  the 
produce  of  Europe.  Spain  stands  second,  producing  aboot  one-thiid  is 
much :  united,  tlie  production  of  these  two  states  is  equal  to  seveiirei^tfas 
of  the  European  produce.  The  lead  deposits  of  the  United  States  extend 
upwards  of  three  thousand  square  miles  in  the  States  of  Missouri,  BlinQat, 
Wisconsin,  Oregon,  North  Carolina,  and  California.  A  few  years  nnee, 
tlie  western  states  of  Nortli  America  produced  large  quantities  of  kadr-u 
much  as  40,000,000  of  pounds  have  been  produced  in  1851 ;  but  the  deposits 
opened  out,  it  is  said,  have  not  continued  equally  productive  in  depth ;  and 
their  present  comparative  poverty  is  demonstrated  by  the  large  importationi 
of  British  lead  mto  these  states. 

Sino. — This  metal  was  first  obtained  in  a  metallic  state  earfy  in  the 
sixteenth  ccntur}' ;  but  for  a  long  period  subsequent  to  its  discovezy,  the  pro- 
duction of  metallic  zinc  as  one  of  the  useful  metals  remained  in  abeyance. 
Calamine,  a  carbonate  of  the  metal,  was  employed  in  the  crude  state  for  alloy- 
ing copper  in  tlie  production  of  brass.  Although  we  have  no  evidence  to 
show  that  the  ancients  were  acquainted  with  any  process  for  manufacturing  rinc, 
Pliny  mentions  the  use  of  calamine  in  the  manufacture  of  brass ;  and  modem 
analysis  of  ancient  alloys,  indicates  the  presence  of  zinc.  The  great  affinity 
of  zinc  for  oxygen  at  low  red  heat,  prevented  an  earlier  acquaintance  with  tt 
in  an  isolated  form,  and  rendered  its  production,  relatively  to  the  cost  of  the 
ore,  a  comparatively  expensive  process.  When  its  properties  became  better 
understood,  the  manufacture  of  metallic  zinc  rapidly  extended.  By  carefoUj 
regulating  the  temperature  employed,  it  was  discovered  that  sheets,  tubes, 
and  useful  alloys  could  be  made  \iitli  this  metal,  instead  of  the  costlier  metal, 
tin.  The  discovery  of  this  single  property  alone,  resulted  in  the  adoption  of 
zinc  in  arts  and  manufactures  to  a  large  extent ;  while  its  comparative  uou- 
liability  to  oxydation  at  low  temperatures  has  caused  it  to  be  used  as  a  pro- 
tection to  iron  when  exposed  to  atmospherical  influences. 

The  production  of  zinc  in  England  is  not  considerable— probably  under 
3000  tons  annually.  Germany  and  Belgium  produce  large  quantities,  and 
principaUy  supply  the  growing  demand  for  this  metal.  So  great,  however,  in 
its  affinity  for  oxygen  during  its  reduction  to  metal,  that,  with  the  most  im- 
proved plans  yet  adopted,  a  loss  of  one-third  to  one-fourth  of  the  metal  in  the 
ore  attends  the  operations  of  the  most  skilful  metallurgist. 


SAXLT  HUXDBT  OF  TIM.  IM 

r.-— This  metftl  was  firat  obtained  in  the  metallic  state  about  the 
m  fifteenth  eentmy,  sinee  which  period  it  has  continued  a  useful 
:  aOoykig  with  others  in  the  production  of  soft-metal  goods,  and  in 
.  Kn^hmd  contains  small  quantities  of  antimony  ore,  prindpallj 
ivith  other  substances;  the  continental  mines  also  yield  small 
I ;  but  the  principal  supply  of  late  years  has  been  derived  from  the 
Borneo. 

—This  metal  appears  to  have  been  known  from  the  earliest  period  of 
the  mention  of  brass  in  Genesis,  leads  to  the  inference  that  the  more 
gredient  of  this  alloy  was  well  known  to  the  ancients.  At  first  the 
this  metal  was  in  the  hands  of  tiie  eastern  nations ;  though  the 

of  productive  mines  in  the  east,  other  than  those  in  the  Malayan 
k,  is  not  known  to  modem  Orientals.    The  Phoenicians  traded  to 

this  metal,  and  snbsequentiy  to  ComwalL  In  the  latter  country  the 
ury  accounts  handed  down  are  found  strictiy  in  accordance  with  the 
is  of  modem  antiquarians,  which  seem  to  leave  no  room  fbr  doubting 
mmerce  in  this  metal  from  Britain  to  the  East  was  carried  on  at  a 
ote  period. 

in  mines  of  the  Malayan  peninsula  have  yielded  large  quantities,  and 
ence  of  great  antiquity.  Eariy  in  the  last  century  the  occurrence  of 
sits  in  the  Island  of  Bancs,  in  the  acyoining  archipelago,  was  made 
For  several  years  this  island  yielded  large  quantities  of  tin  with  such 
lal  British  mines  became  depressed  in  consequence.  At  the  present 
^ever,  the  yield  of  Bancs  has  greatiy  diminished,  and  the  major 
e  tin  of  commerce  is  derived  from  Cornwall.  Spain,  Saxony,  France, 
istralia,  and  a  few  other  localities,  produce  very  inconsiderable 
I. 

Mxliest  Cornish  mines  were  merely  superficial  excavations  in  the 
indent  rivers  and  creeks,  containing  tin-bearing  gravel  and  sand, 
ashing  apparatus  constituted  nearly  the  sole  appliances  employed. 
)  OLhaustion  of  the  tin  streams,  attention  was  paid  to  tin-bearing 
ddi  required  machinery  for  their  pulverization.  This  was  supplied 
unping-milL  At  what  date  mills  of  this  description  were  applied  to 
ng  is  not  certain.  From  their  first  application,  however,  they  have 
i  to  be  the  most  effident  instruments  devised  for  this  purpose. 


\ 
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CHAPTER  VIIL 

IRON   ORES  AND  THEIB  CONYSBSION. 

Iroii. — Iron  is  the  most  abundant  and  mdTenally  disseminBted  of  ft» 
useful  metals.  It  exists  to  a  less  or  greater  extent  in  a  majoiity  of  the  roda 
of  the  globe  witli  which  we  are  acquainted ;  and  enters  largely  into  the  eoBr 
position  of  soils,  imparting  to  them  peculiarly  Taluable  pxopertieB.  From  Mib 
it  is  absorbed  by  vegetable  structures  of  every  doBcription ;  it  exists  in  ft» 
sea- water,  and  in  springs  generally ;  and  it  is  found  as  one  of  the  oonslatoato 
of  the  Imman  system.  The  quantity  of  iron  thus  distributed  tfarou^^  nitnt 
is  boyond  all  calculation. 

Iron  has  rarely  been  found  in  a  native  state.  The  nearest  approach  to 
Uiis  state  is  cxliibited  by  masses  of  meteoric  origin,  in  which  the  per-centi^ 
of  iron  varies  from  85  to  \)0 ;  tlie  remainder  being  composed  principally  of 
nickel  and  cobalt.  It  is  stated  that  a  lamina  of  native  iron  was  found  it 
Canaan  in  Connecticut,  U.S.,  attached  to  a  mass  of  mica-slate  rock;  tad 
also  in  Europe,  but  only  in  small  quantities,  too  small  to  be  of  any  value.  So 
great  is  the  affinity  of  iron  for  otlier  substances,  that  absolutely  pure  iron  cm 
only  be  obtained  by  the  chemist  in  small  quantities  and  with  great  difficoltf 
by  reducing  pure  oxide  of  iron  in  a  glass  tube,  by  means  of  hydrogen  or  hj 
the  galvano-x)lastic  process. 

Tlie  purest  iron  of  commerce  contains  minute  quantities  of  other  snb- 
Btaii(;e8 ;  in  fact,  x)ure  iron  would  not  ser\'e  the  uses  to  which  iron  is  com- 
monly applied.  The  purest  iron  presents  a  white  silvery  firacture,  of  sn 
agreeable,  soft,  and  brilliant  lustre ;  it  assumes  a  high  polish  when  rubbed 
Tvith  a  liighly  polished  substance,  but  is  easily  tarnished,  has  a  great  affinity 
for  oxygen,  and  is  rapidly  dissolved  in  acids.  Alkalies,  in  ever^'  form,  pro- 
tect it  from  corrosion.  The  specific  gravity  of  iron  is  7*78;  it  is  the  most 
tenacious  of  all  the  metals ;  very  soft  in  its  purest  state,  but  becoming  ex- 
tremely hard  when  alloyed  witli  other  metals,  or  with  substances  which  com- 
bine cliemically  with  it.  It  is  singularly  aiTected  by  magnetic  currents, 
imparts  a  disagreeable  taste  when  applied  to  the  tongue,  and  emits  an  offensiTe 
smell  when  strongly  rubbed. 

The  best  varieties  of  bar-iron  exhibit  a  shghtly  bluish  tinge,  and  a  porons 
fracture,  and  are  rapidly  oxidized  by  exposure  to  the  atmosphere. 

For  manufacturing  purposes  tlie  supply  of  iron  is  derived  from  the  most 
prevalent  of  its  ores.  Those  minerals  which  contain  at  least  twenty  per  cent 
of  metal  are  usually  considered  ores ;  if  they  contain  less,  they  are  denoEoi- 
nated  fluxes.  The  ores  of  iron  are  found  in  nearly  every  large  district,  either 
as  beds  in  the  sedimentary  rocks,  or  as  veins  and  massive  deposits  in  the 
older  rocks ;  in  which  position  the  most  valuable  ores  are  obtained.    Occa- 
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ly  the  deposits  are  immense,  partaking  of  the  character  of  mountains, 
the  case  of  the  Gellivara  Mountain  in  Sweden,  the  Iron  Mountain  of 
mi,  and  the  Island  of  Elba :  from  the  latter  source  ores  have  been 
d  from  time  immemorial. 

a— IHcatlan  of  Ovos. — ^Iron  ores  have  been  variously  arranged  by  dif- 
writers.  The  varied  composition  of  the  ores ;  their  different  degrees 
iness ;  their  geological  position,  and  the  comparative  focility,  or  other- 
with  which  they  were  converted  into  crude  cast-iron,  have  severally 
bed  data  for  their  classification  into  separate  systems.  Inasmuch  as  the 
of  geology  now  forms  part  of  the  course  of  instruction  in  elementaiy 
«,  and  its  principles  are  pretty  generally  understood ;  it  is  thought  thf^ 
ogical  clas^cation  of  the  ores  will  be  the  simplest  and  most  useful 
2;ement  for  the  student  and  general  reader.  In  pursuance  of  this  plan, 
irmginous  products  of  the  several  formations  will  be  described  in  a 
odiog  series. 

Iron  Ore$  of  the  AUuvian  and  DUuvian  Periods. 

the  superficial  accumulations  of  decomposed  vegetable  and  animal  mat- 
mposing  soils,  in  deposits  of  sand,  gravel,  and  clay,  formed  by  the  action 
ter,  iron  exists  in  varying  proportions  up  to  six  per  cent,  by  weight  of 
ass.  There  has  not  been  discovered  in  this  system  any  concentration 
ferruginous  matter  into  beds  or  other  dex>osits  of  a  richness  superior  to 
*f  the  adjacent  mass.  Boulders  of  the  older  rocks,  moved  by  the  action 
ker  and  ice  drift,  are  frequently  found  to  yield  a  higher  per-centage  of 
though  possessing  no  commercial  value.  In  the  North  American  and 
other  states,  magnetic  iron-sand  frequently  accompanies  the  drift  at  the 
>f  mountaiu  ranges.  Bog-iron  ores,  also,  in  small  quantities,  very  fre- 
iy  accompany  accmmilation  of  drift  under  similar  circumstances. 

The  Tertiary  Formation, 

lese  geological  strata  are  characterized  by  a  similar  barrenness  of  iron 
The  crag,  fresh-water,  and  marine  beds,  consisting  of  gravel,  marls, 
impure  limestones,  &c.,  contain  a  small  admixture  of  iron ;  but  present 
iications  of  rich  dex>osits  of  the  metal.  In  the  United  States  extensive 
its  of  hsematite  have  been  referred  to  the  tertiary  formation ;  a  more 
d  examination,  however,  points  to  much  older  formations  as  their  cor- 
)cation. 

Secondary  Formation. 

this  formation  the  most  abundant  deposits  of  iron  ore  are  found  to 

Descending  to  the  chalk  system,  the  beds  of  ferruginous  sands,  with 

.  this  system  aboimds,  are  foimd  covering  a  large  area.    They  form  the 

most  deposits  of  iron  ore ;  but  owing  to  their  comparatively  low  yield  of 

lave  never  been  extensively  wrought. 
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I%e  Wealdem  Chmtp, 

This  formation  contaiiis  numeroiis  beds  of  ore,  Bimilar  in  their  genend 
character  to  those  pervading  the  lower  chalk  measures,  but  saperior  in  the 
3^6^  of  iron.  In  England  the  ores  of  this  system,  as  dereloped  in  the  sooA 
and  south-western  counties,  principally  supplied  the  formerly  extensive  rangi 
of  works  which  were  carried  on  in  Hampshire  and  Sussex,  so  long  as  the 
adjacent  forests  afforded  the  requisite  fuel  for  smelting.  The  ores  of  this 
formation  formerly  quarried  near  Devizes,  in  Wiltshire,  appear  to  have  been 
of  a  comparatively  rich  description,  and  were  in  much  demand  for  smelting. 
In  the  Isle  of  Wight,  in  Lincolnshire,  and  the  wolds  of  Yorkshire,  this 
formation,  and  its  attendant  beds  of  ore,  cover  an  extensive  area  of  ground. 
On  the  Continent  the  ores  of  this  group  and  of  the  greenHMnd  formation  are 
worked  to  a  considerable  extent ;  especially  in  France. 

As  a  class,  the  ores  of  this  formation  yield  a  low  per-centage  of  iron,  and 
at  tlie  present  day  are  nearly  neglected.  Situated  at  a  distance  finom  any 
known  range  of  coal- fields,  their  use  at  existing  works  involves  an  expensiTe 
transit ;  this,  combined  with  tlieir  genend  leanness,  acts  as  an  effectual  banier 
to  their  extensive  use.  The  average  of  a  number  of  specimens  from  Hamp- 
shire gave  twenty-six  as  tlie  per-centage  of  iron  contained  in  these  ores. 

Below  the  Wealden  group  are  found  those  beds  of  oolitic  iron-ore  which 
have  of  late  been  extensively  worked  in  Northamptonshire,  and  the  Cleveknd 
district  of  Nortli  Yorkshire.  Occurring  in  beds  of  considerable  thicknesB 
(ranging  from  a  few  inches  to  twenty  feet  and  upwards),  and  frequently  con- 
taining a  large  per-centage  of  iron,  these  ores,  though  very  similar  in  tiieir 
chemical  character  to  the  ores  of  the  Wealden  group,  have  rapidly  attained  to 
commercial  importance 

The  composition  of  the  ores  in  the  Cleveland  district  is  displayed  in  the 
accompanying  analysis  from  the  Memoirs  of  the  Geological  Survey  : — 

Protoxide  of  iron 39*92 

Peroxide 363 

Protoxide  of  manganese *95 

Alumina 7*96 

Lime 7'44 

Magnesia 8*82 

Potash -27 

Carbonic  acid 22*85 

Phosphoric  acid 1*86 

SiHca 8*62 

Bisulphide  of  iron '11 

Water  in  combination 2*97 

Organic  matter  and  sulphuric  acid .    .  traces 

Titanic  acid 93 

100-41 
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The  extent  of  this  descriptioii  of  ore  is  not  yet  accurately  defined.  It  has 
been  found  in  several  places  in  Northamptonfl^ure,  Lincolnshire,  and  south- 
wards in  Oxfordshire,  Rutland  and  Dorset,  northwards  into  Yorkshire ;  and 
pxobablj  it  will  eventually  be  found  in  other  localities,  including  the  great 
chalk  formation. 

In  the  Northampton  ores  a  greater  degree  of  irregularity  in  the  yield  of 
inm  is  observed  in  the  following  analyses  of  a  very  rich  and  a  very  poor  ore : — 


Peroxide  of  iron      ....  72-17 

Silica 0-67 

Alumina 2*35 

Lame I'll 

Phosphoric  acid      ....  1*32 

Peroxide  of  manganese    .    .  traces 

Magnesia       1*24 

Loss  by  ignition     ....  13*51 


101-30 


3903 
22*64 
5-92 
7-53 
1-74 
1-60 
327 
17*60 

99*13 


The  ores  of  this  formation  are  laigely  developed  in  France,  and  the  cheap 
rates  at  which  they  are  mixed  and  cleaned  have  greatly  contributed  to  the 
late  extension  of  the  iron  industry  of  that  country. 

The  Lia$  Formation, 

The  lias  formation  appears  to  be  very  deficient  in  iron  ores.  A  few  thin 
beds  of  earthy  carbonates  are  known  to  exist,  and  have  been  partly  worked 
in  Lincolnshire  and  Yorkshire ;  but  the  existence  of  any  continuous  beds, 
containing  a  rich  per-centage  of  iron,  has  not  been  made  known. 

In  the  marls  constitu^ig  the  upper  series  of  the  new  red  sandstone, 
magnetic  iron-sand  is  found.  The  red  sandstones  and  magnesian  Hmestonee 
contain  nodules  of  hiematitic  concretions;  iron  pyrites,  too,  are  common. 
With  these  exceptions,  however,  this  system  is  destitute  of  iron  ores. 

Carbaniferoui  Sffttem, 

The  iron-works  of  this  country  derive  their  principal  supply  from  the  earthy 
carbonates  of  the  coal  measures,  which  furnish,  with  proper  treatment,  crude 
iron  of  the  best  quality.  The  great  coal-fields  of  South  Wales,  Stafibrdshire, 
Yorkshire,  and  Scotland,  and  the  minor  fields  of  Shropshire,  North  Wales,  and 
Warwickshire,  are  abundantly  supplied  with  these  carbonates.  The  principal 
nnge  of  the  carboniferous  or  mountain  limestone,  according  to  Mr.  Warringtc>D 
Smyth*s  recent  report,  emerges  from  beneath  the  Durham  and  Northumberland 
coal  measures  on  the  east ;  is  bounded  by  a  steep  declivity,  overlooking  the 
river  Eden  on  the  west;  reaches  its  culminating  point  on  the  long  mountainous 
ridge  of  Cross  Fell,  thus  forming  the  vast  tract  of  moorland  near  Alston,  and  in 
Uie  hi^  desolate  region  acyoining  the  Scottish  border.  The  mode  of  occurrence 
is  in  bands  and  nodules  of  a  dark  bluish-gray  colour,  dispersed  through  the 
•hale.    Tha  bands  Taiy  greatly  in  thickness,  from  a  quarter  of  an  inch  \a  t«Q  \ 
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feet  and  upwards.    The  composition  of  the  ixnm  iofoad  in  the  Scotch  fie 
well  represented  by  the  following  aoaJjui : — 

Ptotozide  of  iron 45*84 

Carbonic  acid 83-63 

Protoxide  of  manganese '20 

SiHca T-83 

Alumina 2*53 

Magnesia 5*90 

Lime 1*90 

Carbonaceous  matter 1*86 

Moisture '99 


100*68 


Earthy  carbonates  from  the  other  coal-fields  are  of  a  very  similar  chan 
The  analysis  of  a  specimen  from  the  Warwickshire  field  is  subjoined : — 

Carbonates  of  iron 7919 

M            manganese 1*45 

„            lime 5*85 

„            magnesia 6*30 

Alumina *50 

Silica 4*85 

Phosphoric  acid *71 

Water,  bituminoua  matter,  &c 115 


10000 


The  coal-fields  of  the  Continent  appear  to  be  less  abundantly  sup] 
with  these  ores,  and  the  quantity  found  is  exceedingly  limited.  In  Er 
the  coal-fields  of  the  Garde  and  the  Loire  yield  smaU  quantities  to  the  i 
cent  works.  The  analysis  of  a  specimen  from  the  latter  field  shows  a 
siderable  difference  in  composition  from  Ihe  Scotch  and  Warwickshire  o 
the  per-centage  of  pho^horic  acid  seems  excessive,  while  that  of  caibo 
of  iron  is  very  low. 

Carbonate  of  iron 56*80 

„             manganese    ...  1*50 

„  *            magnesia ....  6*30 

lime 2*50 

Phosphoric  acid 6*10 

Lime 6*60 

Sand  and  clay 20  20 


10000 
•  * 

The  Wcstphalian  coal-fields  contain  numerous  bands  of  earthy  catb<HUi 
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and  probably  at  no  distant  day  they  will  be  used  in  coigunction  with  the 
mineral  fnel  with  which  they  are  surrounded.  Limited  quantities  also  are 
behered  to  exist  in  the  Biscayan  provinces  of  Spain. 

The  North  American  fields  contain  workable  bands  of  these  ores,  which, 
though  inferior  in  richness  to  similar  ores  in  England,  are  used  to  a  consider- 
able extent  in  competition  with  the  hsematites  from  the  older  formation.  Vir- 
ginia, Kentucky,  Tennessee,  Alabama,  Pennsylvania,  and  Ohio,  possess  largo 
deposits  in  their  coal  formations ;  while  Missouri  and  the  other  less  perfectly 
explored  states  of  the  west  are  beheved  to  contain  equaUy  important  deposits. 
By  analysis,  one  of  the  best  specimens  of  the  Pennsylvouian  field  gave  : — 

Protoxide  of  iron 5303 

Carbonic  acid 35*17 

Lime 333 

Magnesia 1*77 

Silica 1-40 

Alumina *63 

Peroxide  of  iron '23 

Bituminous  matter 3'03 

Water 141 


10000 


When  oxidized,  this  ore  forms  hydrated  oxides — ^brown  or  yellow  hsematites. 
In  its  original  form,  in  the  United  States,  it  is  found  in  round  or  flattened 
Imnps,  or  spheroids,  ranging  from  globules  the  size  of  a  pea  to  masses  of 
leveral  tons  weight,  imbedded  in  clay,  clay-slate,  sandstone,  shell,  or  lime- 
■Ume,  and  arranged  in  regular  veins ;  but  as  there  are  often  large  masses  of 
lead-Blate  between  the  balls,  it  is  an  expensive  ore  to  work.  The  order  contains 
tlKmt  thirty-three  per  cent,  of  metal ;  when  roasted,  it  omits  the  peculiar 
earUiy  odour  incident  to  day  and  day  ores. 


The  Carbonaceous  Ores  of  the  Coal  Formations. 

These  occur  extensively  in  some  districts,  but  on  the  whole  are  much  less 
abondant  than  the  earthy  carbonates.  The  coal-fields  of  Scotland  contain 
the  richest  deposits  hitherto  discovered.  North  Staffordshire  possesses  valu- 
able deposits,  which  are  wrought  to  a  large  extent  for  the  supply  of  local 
fiunaces  and  transportation  to  South  Staffordshire.  South  Wales  also  con- 
tuns  numerous  seams  of  this  ore,  which  are  partially  wrought  in  several 
places.  Of  late  years,  small  quantities  have  been  wrought  in  Ireland,  and 
ihipped  to  the  Scotch  worics ;  but  the  extent  of  the  deposits  in  that  country 
k  not  yet  ascertained. 

The  composition  of  a  specimen  of  the  Scotch  carbonaceous  ore  (black 
I  bind)  is  seen  in  the  following  results  of  an  analysis  by  Dr.  Colquhoun : — 


■n 
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I                                 Protoxide  of  iron 68*0S 

I                                Caibonic  acid 85*17 

Ldme 8*88 

Magnesia 1*77 

!                                 Silica 1-40 

Alumina *83 

Peroxide  of  iron *S8 

Bitominons  matter 8*08 

Moisture  and  loss 1-41 


100*00 


Tlic  North  StaflordHhire  ore  has  a  similar  oompoaition,  as  is  seen  bj  ibe 
roHults  of  an  analysis  by  M.  Heropath.  Generally,  however,  these  ores  eoa 
tain  notable  quantities  of  phosphoric  add,  and  not  anfi:eqnently  an  amount  of 
sulphur,  even  larger  than  is  here  represented  under  biBulphide  of  inm  :— 

IVotoxide  of  iron 4225 

Bisulpliide  of  iron 8*59 

l*rot4>xido  of  inaugancsc 7*48 

Silica 2-20 

AlumiuA '50 

Limo 400              ' 

Magnesia 2*60 

Bituminous  matter,  water,  carbonic  acid,  and  loaa  87*35 


10000 


Tlio  South  Wales  ores  of  this  class  are  not  generally  rich.  By  analjai, 
a  very  clean  specimen  yielded  :  protoxide  of  iron,  48*92 ;  protoxide  of  man- 
gaiiese,  4'HO ;  alumina,  '50;  silica,  1*80;  lime,  2*60;  water,  carbonic  aoi 
and  loss,  47*24= 10000.  Ores  of  tiiis  class  also  exist  in  the  WestphslisD 
fields,  and  to  a  limited  extent  in  the  French  fields.  They  have  also  been  di» 
covered  in  the  State  of  Mar}'land. 

The  proximity  of  tlie  ore  to  the  fuel  required  for  its  reduction,  and  to  ihf 
limestone  used  as  a  flux  in  the  smelting  ftimace,  has  conferred  on  the  sevenl 
coal-fields  such  immeasurable  advantages  in  the  economical  production  of 
superior  metal,  that  it  is  probable  tliey  wiU  long  continue  to  be  the  princftl 
seats  of  the  manufacture ;  more  especially  as,  added  to  these  advantages,  u 
abundance  of  the  finest  fire-clays  and  refiractory  sandstones,  as  well  as  boiU- 
ing  stone  of  good  quality,  is  generally  found.  It  is  thus  seen  that  the  grett 
coal  formations  of  this  country  contain,  in  an  eminent  degree,  every  material 
required  in  the  manufacture  of  iron.  The  highly  fermginons  character  of 
several  coal-fields  is  well  exemplified  in  the  following  abstract  of  »  section 
of  the  South  Wales  basin  at  Merthyr  Tydvil,  with  the  yield  per  acre  of  iroo 
by  the  several  descriptions  of  strata  >* 
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Thickncflsin 

Yield  of  Iron 

feet 

per  cent. 

Bocks     .    . 

.     309     . 

.     .       3     .     . 

Shales     .     . 

.     589     .     . 

.     .     10     .     . 

Cliffs      .     . 

.     125     .     . 

4     .     . 

Fire-clays    . 

90     .     . 

.       6     .     . 

Coals      .     . 

.     100     .     . 

•               "         •         • 

Iron  ore .     . 

.       22     .     . 

.     32     .     . 

Clod  .     .     . 

.       51     .     . 

.       5     .     . 

Quantity  of  Iron 
per  acre. 

39,204  tons. 
196,020 
21,780 
20,130 


If 


It 


tt 


30,492     „ 
13.008     „ 


320,700 


it 


In  addition  to  the  earthy  carbonates  and  carbonaceous  ores,  the  coal- 
ds  contain  iron  pyrites,  which,  though  considci*ed  worthless,  and  productive 
injury,  even  when  used  in  the  smallest  quantity,  may  ultimately  be  found 
fill  for  the  production  of  a  species  of  crude  cast-iron.  This  ore  usually 
urs  in  the  coal  as  concretionary  masses,  but  at  otlier  times  it  is  found 
lering  to,  and  is  disseminated  amongst,  the  rocks  of  tlie  lower  measures. 
3  composition  of  the  masses  from  tlie  coal  seams  is  usually  48  parts  of 
1,  with  52  of  sulphur  mixed  witli  carbonaceous  matter. 
Gajrboniferoiui  FomiatioiiL — The  mountain  limestone  generally  con- 
is  a  small  quantity  of  iron  disseminated  thi'ough  its  mass,  as  oxide  or 
dphide.  Particular  coal  fields  also  possess  large  deposits  of  rich  haematite 
of  a  quality  adapted  for  the  production  of  superior  iron.  From  the  mines 
Vhitehaven  in  Cumberhmd,  and  Ulverstone  in  Lanciishii-e,  large  quanti- 
of  ore  are  mined  and  despatched  to  the  ironworks  of  South  Wales  and 
Ibrdshire.  Gloucestershire  also  produces  a  considerable  amoimt,  while 
morganshire,  Derbyshire,  and.  Scotland  severally  produce  hmited  quan- 
s  of  rich  ore  from  the  limestone  measures.  The  carboniferous  limestone 
rorthmnberland  produces  a  quantity  of  the  carbonate  of  iron,  which  has 
nt}y  received  some  attention  from  neiglibouring  smelters. 
To  the  west,  on  the  northern  shoulder  of  Crossfell,  and  to  the  east  at 
lope  and  in  Wcardale,  the  outcrops  of  iron  veins  again  present  them 
es.  In  the  eastern  part  of  this  region  the  spaiiy  ore  makes  its  appear- 
i  abundantly.  Here,  as  elsewhere  in  the  neighbomiiood  of  Staiiho]}e 
n,  in  Weardale,  the  veins  are  particularly  charged  with  this  ore.  Mr. 
iJi  gives  the  following  analysis  of  a  piece  of  this  ore  derived  from  the 
jej  iron  in  Kookhope,  remarking  that  the  high  character  of  the  iron  pro- 
Mi  from  similar  ores  on  the  Continent,  more  especially  Uie  steel-irons  of 
:en,  Styria,  and  Carinthia,  render  the  introduction  of  this  ore  into  tlio 
ish  iron  manuiacturc  a  step  of  much  im|)ortance  : — 

BESULTS  OF  ANALYSIS. 

Protoxide  of  iron 49*47 

!l^x)itozide  of  manganese 2*42 

Ahmuna traces 
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Lime       847 

Magnesia 3*16 

Carboiiio  acid       37*71 

Pliosphoric  acid traces 

SiHca 1*20 

Sulphuric  acid traces 

Bisulphate  of  iron 0*08 

Orgauic  matter traces 

Insoluble  matter 3*77 


101*27 

Here,  as  elsewhere,  brown  peroxide  is  mingled  with  the  spany  ore,  and 
Mr.  Smyth  thinks  the  brown  ore  is  due  to  the  decomposition  arising  from 
atmospheric  action. 

Tlie  composition  of  tlie  richest  kinds  of  the  "Whitehaven  hsematite  is  seen 
in  Uie  following  tabular  result  of  an  analysis : — 

Peroxide  of  iron 05*16 

Protoxide  of  manganese *24 

SUica 606 

Alumina '06 

Lime '07 

Phosphoric  acid,  sulx>huric  acid,  and 

bisulphide  of  iron traces 


10115 


A  rich  specimen  of  tlie  Somersetshire  haematite,  small  quantities  of  which 
are  smelted  in  tlie  South  Wales  works,  gave  by  Mr.  Mitchell's  analysis  :— 
Peroxide  of  iron,  H5000 ;  alumina,  6*250 ;  silica,  3'304 ;  lime,  1*087 ;  mag- 
nesia, 1458  ;  oxide  of  maiigaiieso,  1*001 ;  sulphur,  '210;  phosphoric  acid,  "457; 
water,  loss,  &c.,  033  =  100000. 

It  is  wortliy  of  remark  tliat  in  fields  deficient  in  the  numerous  thin  bands 
of  eartliy  carbonates,  so  characteristic  of  the  Staffordshire,  Shropshire,  and 
Soutli  Wales  districts ;  the  absence  of  workable  bands  of  ore  interspersed  be- 
tween the  seams  of  coal  is  amply  compensated  for  by  the  immense  deposits  of 
rich  hncmntite  in  the  subjacent  limestone.  The  Cumberland  and  Lancashire 
fields  display  this  compensating  principle  in  a  high  degree.  The  coal-bearing 
strata,  though  partaking  of  tlie  same  ferruginous  character  as  in  the  other 
coal-fields,  is  nearly  devoid  of  deposits  of  earthy  carbonates.  In  the  lime- 
stone formations,  however,  this  apparent  deficiency  is  met  by  a  band  of  ore 
var}dng  in  thickness  from  a  few  feet  up  to  twenty  yards,  which  yields  per 
acre*  a  quantity  of  iron  even  larger  than  the  aggregate  of  the  thin  earthy  car- 
bonates of  Uie  South  Wales  field.  The  small  basin  of  Dean  Forest  is  simi- 
larly situated  in  regard  to  supplies  of  ore ;  the  rich  deposits  in  and  below  the 
limestone,  compensating  for  the  barrenness  of  the  coal  strata.  The  South 
Wales  basin,  however,  affords  the  most  instructive  example  of  the  constant 
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(xcnrrcnce  of  iron  ore,  in  one  form  or  other,  in  all  our  coal  fields.  Tlie 
iiortliei'n  pr)rtion  of  tliis  basin  is  amply  supplied  wiUi  earthy  carbonates,  but 
is  devoid  of  haematite  in  the  limestone  ;  the  soutliem  portion,  on  the  other 
hand,  is  spaiingly  supphed  with  carbonates ;  but  possesses  considerable  de- 
posits of  ore,  in  the  limestone  formation. 

llie  Old  Red  Handstone  and  Silurian  Syatems. 

Tlie  quantity  of  iron  disseminated  through  the  old  red  sandstone  is  enor- 
mous, altliough  the  deposits  of  valuable  ores  appear  confined  to  a  few  districts, 
niis  rock  derives  its  colour  froni  an  admixture  of  peroxide  of  u*on,  of  wliich 
it  contains  from  5  to  7  per  cent.  Calculating  at  tliis  amount,  tlie  entire  tliick- 
ness  of  the  system ;  it  appears  that  the  quantity  of  iron  so  dispersed,  amounts 
to  above  one  million  tons  per  acre. 

In  tlie  i)re^ious  formations,  the  ore  has  existed  as  loose  superficial  accu- 
miUatiuu.s,  bands,  or  nodular  concretions  ;  in  tlie  old  red  sandstone  and  lower 
silui-iin  rocks,  iron  ores  are  generally  found  as  veins,  more  or  less  regular 
iu  tlieir  thickness  and  inclination  from  the  vertical. 

The  ores  found  in  these  systems  are  of  various  descriptions  and  qualities. 
In  the  Noi-th  American  States  they  contain  veins  of  fossihferous  ores  and 
lisematites,  in  conjunction  with  veins  of  limestone  and  shale,  furnishing  the 
largest  supply  to  local  iron-works.  In  this  coimtryr,  the  piinciiml  workings  are 
in  Devonshire  and  Somersetshire.  The  latter  coimty  contains  some  veins  of 
white  carbonate,  which  are  wrought  to  a  limited  extent ;  also  veiy  extensive 
deposits  of  hsematite,  which  were  worked  for  Uie  supply  of  tlic  charcoal  fur- 
naces of  a  former  period.  The  yield  of  iron  ore  from  Devon  and  Somerset  is 
not  large  ;  but  with  greater  facilities  of  transit  to  shipping  poils,  it  is  possible 
that  these  ores  may  become  of  importance  to  tlie  W^elsh  iron-masters. 

The  general  quality  of  the  hsematite  of  tliese  systems  may  be  gathci-ed  from 
the  snlijoined  analysis  of  a  specimen  from  tlie  Exmoor  Forest  distiict.  It  must 
be  borne  in  mind,  however,  that  the  avemge  richness  in  iron  of  the  larger 
deposits,  is  verj'  much  imder  the  per-centage  of  tliis  specimen. 

Peroxide  of  iron 72*00 

Silica 000 

Peroxide  of  manganese .     .     .     .  14*20 

Alumina 2*10 

Magnesia *1^ 

Phosphoric  acid •4(J 

Water  and  loss 4*40 


10000 

Timnsition  and  Vsimavj  FoimationB, — Tlie  grauwacke  and  otlier  older 
formations,  are  interspersed  witli  iron  ores  of  nearly  every  knoTm  description. 
Devon  and  Cornwall,  where  these  formations  are  extensively  developed,  yiehl 
fleveral  yalnable  iron  ores.  The  principal  are  tlie  wliite  carbonate,  hsema- 
tite, andhydxated  peroxide.    The  white  carbonate,  when  &ee  from  M«ftm<sel  V 
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iron  i>yiites,  fields  iron  of  a  superior  quality,  though  the  average  richness  is 
below  forty  per  cent.  Tlie  quantity  mined  in  England  is  yeiy  limited,  tnd 
has  no  iiiHuence  on  tlie  general  quality  of  British  iron.  The  Austrian  iron- 
works iu  Styiia  and  Cariuthia  use  this  ore,  in  conjunction  with  charcoal  fiiel, 
in  the  production  of  fine  stcel-irous,  forwhich  brandi  of  industtyit  appears  to  be 
eminently  ndhi>tcd.  It  occurs  also  in  otlier  parts  of  Germany,  in  Russia,  Spain, 
and  other  European  states.  Until  recently,  tlio  exxdorations  for  this  ore  bare 
been  confined  to  Somei*setsli ire,  from  which  place  a  specimen  of  the  following 
composition  was  obtained.  From  the  Geological  Survey  already  quoted,  it 
will  be  seen  that  it  is  found  in  tlie  Clevelimd  district.  From  Cornwall,  also, 
a  sample  of  considerable  purity  was  obtained.  The  rcsidts  of  the  Somerset 
and  Coniwall  analyses  are  amiexed : — 


Soi 

norset  ore. 

Cornish  ore. 

rrot<>xide  of  iron     .     .     . 

37-3.1     .     .     . 

.     5153 

Carbonic  acid     .... 

35-80     .     . 

.     34-50 

Peroxide  of  iron      .     .     . 

8-52     .     .     . 

l^i'otoxide  of  manganese   . 

12  65     .     .     . 

11-41 

!Magncsia 

4-5->     .     . 

^loistiu-e  and  loss    .     .     . 

■ 

IIH     .     .     . 

2-50 

100-00  10000 

Tlie  brcmat  ites  of  Cornwall  and  Devon  arc  partially  ^vl-ought  for  the  supply  of 
tlie  Welsh  iron-woilcs ;  owing,  however,  to  the  absence  of  cheap  transit,  and  t 
more  careful  supcr\-ision  in  clcanhig,  the  quantity  shipped  is  small  in  comparison 
with  the  mjigiiitiide  of  the  veins.  A  sample  of  haematite  from  the  eastern  part  of 
Coi-nwall  jdelded : — Peroxide  of  iron,  00,00  ;  silica,  2-.2-00 ;  lime,  7-10 ;  alumina, 
7'20  ;  ma^mcbia  307  ;  and  oxide  of  manganese  -31  =  90*08.  North  Wales  pro- 
duces small  quantities  of  ha'malite  from  the  day-slate  formations  of  Caemar- 
vonsliu'e  and  ^Merionethshire. 

In  addition  to  the  huematites  with  which  these  formations  aboimd,  the 
magnetic  oxide  is  found  in  considerable  quantit}'.  Small  deposits  of  this  ore 
exist  in  Devon,  and  a  few  isolated  fi-agments  are  obtained  in  Cornwall  and 
other  places ;  Init  if  we  except  the  recently-discovered  beds  of  tliis  ore  in 
parts  of  Yorksliii-e,  England  is  sinirularly  deiicient  in  the  magnetic  oxide. 
On  the  Continent,  however,  it  is  foimd  extensively  in  Norway,  Sweden, 
France,  Germany,  and  otlier  Eiu'opcan  States ;  Austraha  and  New  Zealand 
abound  with  it ;  the  African  continent  contains  large  deposits ;  so  also  do 
the  Nortli--c\jncrican  States.  In  Tui-lvcy,  Persia,  and  Syria  it  is  manufactured 
into  the  celebrated  Damaiicus  blades ;  whUe  in  India  it  is  used  almost  ex- 
clusively in  the  production  of  the  wootz  steel. 

When  pure,  the  magnetic  oxide  of  iron  is  comjiosed  of  one  atom  of  the 
protoxide,  witli  two  atoms  of  the  x)eroxidc  of  iron ;  or,  decimally,  of  iron  71-79, 
oxygen  2821  =  10000. 

Other  ores  in  which  iron  forms  a  conspicuous  part,  occur  in  the  primaiy 
formations ;  one  of  tlie  most  common  of  tliese  is  the  arsenical  iron  (mispickel), 
the  average  composition  of  which  appears  to  be — arsenic  43,  ux>n  36,  sulphnr 
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21  =  100.  Iron  pyrites  (snlphoret  of  iron)  is  very  commonly  met  with  in 
:onjunction  with  other  ores ;  its  composition  is — ^iron  40,  sulj^hur  54  =  100. 

Chromate  of  iron  (chrome  iron  ore)  is  ruther  a  scarce  miucnil  in  England, 
tmt  exists  in  small  quantities  in  North  America. 

Franklinite  is  another  mineral  in  which  zinc  forms  17  or  18  per  cent,  of 
he  whole. 

Titonite  of  iron,  tungstatc  of  iron,  and  some  other  foi-ms  in  which  this 
netal  appears,  occur  so  very  seldom,  that  a  detailed  notice  of  them  would  he 
foreign  to  the  jjhin  of  this  work. 

Tlte  Minimj  of  Iron  Ores. 

This  hranch  of  metallurpfic  industry  is  nowhere  cariied  on  to  such  an 
■jxtent  as  in  Great  Britain.  The  amount  annually  extracted  from  the  several 
Ideological  formations  exceed  12,000,000  tons — a  quantity  which,  in  regard  to 
ralue  and  the  capital  invested,  is  second  only  to  cuiil,  ainougst  tlic  minci*al 
[)ro<luct«  of  tjie  kingdom.  Half  a-ccntury  ago,  the  total  quantity  mised  did 
not  exceed  a  miUion  tons.  This  rapid  augmentation  in  the  i*ate  of  production 
lias  resulted  from  the  fi'cquent  reduction  in  price,  which  has  caused  a  proportion- 
OLtely  increased  demand  for  i*aw  and  manufactured  uon ;  from  tlic  extensive 
use  of  the  metal  for  our  own  railwavs  and  other  structures  in  which  it  forms 
the  principal  material;  and  from  the  demand  for  Continental,  American,  and 
[ndian  railways.  Consequent  on  this  altered  state  of  tlie  ti'ade,  mining  for 
Iran  ore  has  received  an  impulse,  which  improved  modes  and  appliances 
bave  largely  accelerated. 

Formerly  the  ores  were  extracted  from  surface  excavations  or  shallow 
nrorkings,  and  cairried  on  tlie  hacks  of  mules  to  the  smclting-furuaces.  Tliis 
(vas  tlic  mode  of  couve3'ancc  largely  practised  in  South  Wales,  in  tlie  early 
r»ari  of  tlie  present  century.  The  mountainous  character  of  this  and  other 
mineral  distiicts  precluded  the  adoption  of  canals,  and  necessitated  tlie  em- 
ployment of  this  expensive  and  tedious  mode  of  transport.  Now,  extensive 
^sterns  of  mineral  rtiilroads,  inclined  planes,  and  locomotive  power,  have 
placed  such  districts  on  a  par  ^vith  tiie  most  favoured,  in  respect  to  transit  of 
oiinerals. 

The  mining  of  the  ore  is  variously  conducted.  The  simplest,  and  at  one 
[)eriod  the  general,  mode  of  extraction  was  hy  open  excavations,  the  soil  heiiig 
removed  to  the  depth  of  the  ore,  wliich  is  then  removed  also,  and  the  canity 
filled  up  with  the  ruhbish.  This  is  the  mode  pi'actised  in  working  much  of  the 
earthy  carbonates  of  South  Wales,  Derl)3'shire,  and  other  districts ;  altliough 
slight  modifications  are  sometimes  seen.  In  South  Wales,  wherever  tliis 
s}-8tem  of  open  quaiTying  can  be  practised,  it  is  earned  out  on  an  extensive 
scale, — occasionally  over  ten  or  twelve  acres  at  once.  Where  practised  on 
this  large  scale,  the  general  arrangements  arc  necessarily  ditierent  from  tliose 
adopted  in  smaller  workings.  The  work  is  usually  commenced  at  the  out- 
crop of  some  known  band  of  ore :  at  first  tlie  thin  covering  of  earth  is  easily 
disposed  of;  but  on  following  the  band  in  depth,  the  increased  burden  of 
clays,  shale,  and  stone,  requires  more  engineering,  in  order  to  di»^OBi&  of  itvw 
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[ut  iiicxjwiiHire  niauiicr.  'I'lio  ilifficnltj- is  couaiderablj  incieaaed  ^hcre  the 
proporliui)  of  ore  to  ibbriH,  fis  ia  I'eiierallj'  the  case,  is  Teij  bdhkII;  e~ 
tlie  rohiiuo  of  tlic  LitbT,  iu  its  laoaa  state  alter  remoToI,  is  foil;  doable 
tlint  of  Ihc  Kimcu  -n-lildi  it  luiginnlly  occnpicd.  This  inci'casa  of  bulk  ii 
obviivtcil  ill  viiiii.iiis  'n-ajH :  n-licre  oii  nuUinitvd  urea  of  waste  ground  is  avail- 
able for  ItH  dciio»it,  tlio  siu'iilus  in  removed  tbither ;  where,  bon-ercr,  the 
ditipi>Kablc  Riufauc  in  liniiled  to  tlie  area  contaiuing  tlie  ore,  means  are  adopted 
fur  givin|<  the  licap  of  debris  an  cluvattoii  stifGcieut  to  contain  the  entire  ^nut 
tity  producwt. 

Wii'ii  prosecnlcd  to  n  consiilemblo  deptli,  thereby  refmlling  in  tie  irorldng 
fnco  attniuiiig  a.  liui^lit  of  W  or  4(1  feet,  the  farther  extenBioii  of  Uie  irork  is 
dividi-d  into  Ivni  ur  Ibive  etngca.  Tlio  lowest  part  of  the  excaTation  is  kept 
cli'nr  n-illi  tlio  BKsislnucc  of  iin  inclined  plane  and  small  ateun-hauling  engine. 
Tilts  moda  of  "  clearing  the  bottom,"  ns  it  is  technieally  termed,  ia  illustnled 
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in  tlto  npenmiKmyiufr  etigmviua.  It  will  bo  seen,  that,  folloiviiig  tlie  employ- 
ment of  Nt'.'iiiii-piiu-(<r.  tliu  elevation  f^vcn  to  tlic  accumulation  ia  siiffident  la 
cnihrncc  tlic  entire  produce  mlhiii  the  horizontal  surface  exposed  bj  the  id- 
vBncing  WDrhiags. 

Ill  working  with  a  sliallovr  (ace,  raw  unsliilltd  Libour  is  usually  employed : 
hut  nliero  a  deep  fncc  is  wrought,  tlie  process  is  extremely  haj^nrJoii!!.  nnds 
portion  of  the  force  eiuiiK>j-ed  requires  to  be  tliat  of  skilled  miners.  The  slii- 
tion  of  tlie  liitter  is  at  the  bottom,  where  they  nre  employed  in  the  dangerous 
occnpatiou  of  luidenninhig  the  snpcrincmnl>cnt  mnss. 

Extraction  of  tlie  oolitic  ores  of  Nortlmmi>tonaliire  is  coudneted  in  a  i 
ner  similar  to  quanyiug  common  building  stone.  From  tlic  great  t]ii<'kne)is 
of  tlio  beds  of  ore,  and  the  comparnlivdy  tliin  coTuring  of  soil,  there  is 
little  dtfiiculty  attending  tlte  dispusal  of  tlie  dchiis.  A  itoilion  of  the  luems 
tito  of  Cnraberkiid  is  iiiiucil  in  b  Kunilar  manner;  and  tlie  oecnrronce  of 
a  mammoth  Teiu  of  coarse  htmnatito,  iu  a  clitf  on  the  nortli  coaet  of  Cornwall, 
has  licon  taken  ailvoiitngc  of  for  an  open  iiorking. 

In  ports  of  the  Soutli  Wides  mineral  lielil,  tlie  descending  baud  of  ore  u 
followed  in  its  coiirsa  by  a  tbp-heading,  or  narrow  gallery,  icoia  wUch  the 
mass  of  malerial  is  brought  up  by  a  railway  and  steam-engiue  at  top.    At 
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stated  distanoea  apart  on  the  inclined  descent,  IcveU  Am  driven  right  and  left, 
with  croas-beadingB  joining  them,  and  b.  sytiteni  of  pillar  and  Btall-ivorking 
pnraned  in  the  extraction  of  the  ore.  The  plan  mora  commoidy  pursued, 
however,  when  the  deptli  of  covering  has  attained  too  great  tt  thickness  for 
removal,  is  to  tiansftir  tlic  operations  to  a  tniilablc  point  on  tlio  dip  of  lite 
Btrnta ;  a  pit  being  sunk  from  the  surf&ce  to  intersect  tlio  bands  of  ore  dt  tlie 
calculated  depth.  The  pit  thna  sunk  is  generally  lortjc — seldom  less  thnn 
16  by  8  feet  ;  and  if  aiuk  through  weak  or  eltlfting  strata,  it  requires  to  bo 
sabstantially  lined  with  inaaoury  or  brickwork.  A  powerful  Bteam-cngine  in 
emploj'ed  for  hauling  up  the  rubbish ;  and  where  Uie  ground  is  wet,  a  lift  of 
pumps  follown  the  sinking,  in  order  to  keep  the  pit  properly  drained.  When 
completed  to  the  required  depth,  it  is  Htt^d  up  nitli  a  pair  of  cages,  which 
■work  between  vertical  gnidea  Gxed  in  the  pit,  for  the  purpose  of  supportiug 
■nd  steadying  the  train  waggons  in  tlieir  ascent  and  dexceut.  These  prepa- 
HLtions  are  generally  made  on  a  scale  adapted  for  the  doily  dehvery  of  400  or 
^^^  QOO  tons  of  material, 

^1^^**?^  ^&  A  sketch  of  tlio  nr 

'      '  raiigemcnts  for  wind- 

ing and  pumping  in 
given  in  the  acoum 
p  any  ing  figui'c,  where 
A    ia   tho   steiun-ei 
gine ;  li  winding  and 
puropiug-geor;  tl  pit- 
head fra]aing,iuade  of 
bolk  timber  ;  1>  cage 
and    trout  -  waggon ; 
EE  guides,  coumou- 
n-rods  stretched  tight  from  top  to  bot- 
n  of  the  pit:  F  puiuiiiug-benm,  making  one 
stroke  to  three  or  four  of  tho  cngiue. 

At  the  bottom  of  tite  sinking,  which  may 
vary  from  a  few  yards  to  l.'bO  fothoms,  witli 
an  nnnnnl  increase,  levels  are  driven  of  a 
width,  and  height,  sufficient  for  tlie  passage 
of  a  Lorso  and  train  of  wimgons.  From 
the  levels,  headings  are  driven  la  the  rise  of  the  strtita  ;  aud  from  off  both 
Bides  of  these  headings,  the  ore  is  taken  away  by  a  series  of  cicnvations, 
alternating  with  broad  pillars  of  solid  ground,  left  as  a  support  to  Uie  roof. 
Tho  excavations  will  range  lAont  eight  or  ten  yards  wide ;  the  some  distance 
apart;  and  sixty  or  eighty  yards  long.  Duringthe  operation  of  diivingfonvard, 
the  ore  is  taken  away,  filled  into  waggons,  aud  sent  up  to  Uie  surface. 

Where  the  work  is  performed  entirely  on  tlio  contract  system,  es  is  the 
case  in  nearly  all  the  Welsh  works, — the  wnking  the  pit,  driving  tlio  levels 
and  headings,  and  other  processes  comiected  with  the  opeuiug  of  the  work, 
arc  nndertsken  at  per  yard  deep  or  forward.     Tliis  portion  of  the  general 
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system  of  miniug  involves  a  large  outlay  of  capital,  and  is  technically  known 
as  **  dead-work/'  from  being  almost  entirely  unproductive  of  nuneni  The 
mining  the  orc«  or  *'  raising  the  mine,"  as  it  is  generally  termed,  is  undeztiken 
at  so  much  ''per  ton"  as  also  are  tlie  labour  and  horse-hire  in  hauling;  the 
wngos  of  pitmen,  and  otlier  operatives  employed  in  the  mine:  hence  the 
operations  in  tlic  mine  resolve  themselves  into  those  attending  the  **  dead- 
work,"  and  tliOHo  appcrtauiing  to  ''  raising  the  mine."  In  a  well-regnkted 
mine,  the  dead- work  is  prosecuted  at  a  rate  that]  ensures,  at  all  times  dunng 
the  continuance  of  tlie  worldngs,  ample  room  in  the  headings  for  the  miner 
to  commence  new  cxca^'ations,  as  others  are  worked  out. 

While  driving  tlic  excavation,  or,  as  it  is  technically  called,  "  ttaU,"  the 
minor  supx)orts  the  roof  in  liis  immediate  vicinity  with  stout  wooden  pn^; 
tlioso  nro  generally  larch,  or  fir  poles,  varying  in  diameter  up  to  twelve 
inches  ;  occasionally  also  with  **  stoirxj*'  a  moiety  of  the  rubbish  produced  in 
t]io  excavation  in  liis  rear,  leaving  only  a  sufficient  roadn'ay  for  delivering  the 
waf:;gons.  If  the  roof  be  good — that  is  to  say,  not  liable  to  &1I — and  if  cir- 
cumstances wnri*nnt  such  a  com-se  of  action :  tlie  miner,  on  completing  his 
stall,  proceeds  to  draw  back  the  pillar,  or  so  much  of  it  as  can  be  safely 
wrought ;  leaving  a  small  solid  block  adjoining  tlic  heading  for  keeping  tho 
latter  oi)en  to  tlie  proper  extent.  When,  however,  the  excavation  embraces  a 
second  band  of  ore,  with  an  intencning  stratum  of  shale,  but  good  roof  OTcr 
all,  a  somewhat  different  system  is  pui-sucd.  The  lowest  band  is  then  wronght 
lh*st,  and  tho  superincumbent  mass  propped  up,  until  the  extremity  of  the 
excavation  is  reached ;  when  a  process  termed  "  ripping  back," — which  consists 
in  knocking  out  tho  props,  and  allowing  tho  upper  band  to  fall, — ^is  performed. 
Tliis  is  an  operation  of  considemblc  danger  to  the  miner,  who  is  too  often 
caught  in  his  retreat  ])y  portions  of  flie  falling  stratum. 

Wlien  a  mine  is  opened  on  strictly  workmanlike  principles,  the  bottom 
is  left  unworked,  until  the  abandoiuncnt  of  the  pit,  with  the  exception  of 
(b*i\'ing  tlie  nccessaiy  levels  and  air-waj's,  tho  object  being  to  keep  it  in  an 
ellieient  state  until  the  area  embraced  by  it  is  wrought  out  a  considerable 
breadth  around.  This  breadth  of  unworked  ground  is  left  standing  as  a  suj^xt 
ftn*  the  pit,  and  to  prevent  unnecessary-  stniiu  being  tliro^vn  on  the  adjacent 
levels.  In  cases  whore,  fi'om  cupidity,  or  want  of  skill,  such  a  provision  has 
been  omitted,  tho  sinking  of  the  stnita,  or  tlie  withdrawal  of  the  ore,  scarcely 
ever  fails  to  crusli  tlie  levels,  and  to  seriously  injure  tlie  pit. 

The  mode  of  mining  ore  "by  i)illar  and  stall"  is  exhibited  in  the  fol- 
lo^nng  cngra\'ing.  At  lii*st  the  stall  is  narrow ;  but  as  it  recedes  from  the 
head  big,  it  is  widened  :  ah- ways  are  driven,  and  ventilation  forced,  whcitiveT 
tlic  atmosphere  seems  stagnant.  The  dark  shading  shows  the  portions 
allowed  to  stand  for  tlie  permanent  sujiport  of  the  roof,  wliile  the  hgbtly- 
shaded  portions  rej)rescnt  tlie  parts  drawn  away  after  completing  the  stalls. 

The  mining  of  )ifl;matite  in  Cumberland,  Dean  Forest,  and  Ck>mwall,  is 
conducted  on  similar  principles,  modified  to  a  shght  extent.  The  nearly 
perpendicular  direction  of  the  veins,  uecessitates.  in  nearly  every  instance, 
tho  sinking  of  ]>its.    These  are  commonly  of  a  smaller  size ;  and  instead  of 


the  lining  of  vralled  masonrv  tlicj  arc  stren^ztliuiieil  lij  a  ficries  (if  limber 
frameH  Bjid  Imings  The  Bhaflsare\ert]cal  anit  iLcoliliqiiemaiuui  umlucli 
the  Einlaiig  cuts  the  hue  of  Btralification  throw s  a  gnat  crushing  Etraiu  on 


tbese  ft»meB,  which  not  nnfrcquently  collapse,  and  prevent  a  further  pTosecs- 
tion  of  the  mine.  At  the  depth  lixed  on,  a  abort  cross-ciit  ia  driven  to  meet 
the  vein  and  horizontal  levels  extended  rif;ht  and  left  into  the  mnss  of  ore. 
This  nsnally  occurs  with  a  degree  of  regularity  in  the  thii'kncss ;  hut  in  tlie 
Dean  Forest  diatiict,  large  deposits  are  occa-Htonally  mot  with,  oftor  inten'ale 
of  nnprodnctive  grouud.  In  mines  in  wliicli  tlie  veuis  posscxs  a  considerable 
tniderlic,  or  deviation  from  the  perpendicular,  tlie  roof  ih  temporarily  kept  up 
bj  heavy  timberinf;,  which  eventually  collapse,  and  render  such  portions  of 
the  mine  inacceesihle. 

Cltaning  Iron  Oret. 

On  reaching  the  Bnr&ce,  the  earthy  carbonates  of  iron  of  the  coal  forma- 
tions is  transferred  to  heaps,  and  exposed  to  the  disintegrating  influence  of  tlie 
atmosphere  for  several  months.  Tlie  effect  is  seen  by  the  Hcparntion,  in  a 
loose  and  friable  state,  of  the  adhering  clay  shale,  leaving  Uie  ore  clean  and 
fit  for  the  furnace-yard.  This  simple  and  apparently  inexpensive  mode  of 
cleaning  the  ot«  in  einguhirly  efiective  ;  it  ia,  however,  so  far  objectionable 
that  it  necesxitates  the  maintenance  of  six  or  eight  months'  stuck  of  ore  on 
hand,  which,  even  in  small  works,  absorbs  a  largo  capital.  No  other  system 
has  yet  been  deviseil,  though  it  is  probablo  that  research  will  eventually 
discover  one  not  open  to  this  objection. 

The  oolitic  ores  of  France,  and  the  magnetic  oxides  and  rich  hn'matitea 
used  in  otherplaceB,also  undergo  a  cleansing  process  bcfnrc  adniiDaion  to  the 
fnmaee.  With  thegreater  number,  advantage  is  tnkeu  of  the  superior  specific 
gr*vi^  of  the  ore  to  effect  the  removal  of  the  extraneous  matter.  A  few  of 
the  magnetic  iron-sands  are  cleaned  in  a  manner  very  similar  to  Ihnt  pursued 
in  the  whmowing  of  com.  The  hemadtes,  and  ores  of  the  primary  formations 
of  Ea^aitd,  andergo  no  other  preparation  than  a  partial  hand-picking,  to 
of  refuse  matter. 
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CHAPTER  K. 

FUEL  USED  IN  THE   UANUFACTUBE  OF  IBON. 

Dry  and  charred  wood  constituted  the  fuel  umrersallj  employed  until  the 
last  century,  when  the  high  prices  consequent  on  the  growing  scarcity  of 
woo<l,  led  smelters  to  use  for  smelting  purposes  charred  mineral  fuel  in  the 
high-blast  furnaces.  The  success  which  followed  its  use  in  this  department, 
eventually  led  to  its  emplo}'ment  in  refining  tlie  crude  iron  and  in  fisgiDg 
it  into  bars.  At  tlie  present  day  mineral  fuel  is  used  almost  exdnsiveljr 
in  the  huiiie  manufacture  :  the  small  quantity  of  charcoal  consomed  in  the 
manufacture  of  nail-rod,  and  iron-plate  for  subsequent  thinning,  gradnaDj 
diminishes ;  while  the  quantity  used  in  smelting,  is  limited  to  that  leqnired 
for  the  annual  x)roduction  of  a  few  hundred  tons  in  the  Ulverstone  district 
Imitating  the  example  set  by  British  manufacturers,  mineral  fuel  has  been 
applied  to  smeltiii;^  tuid  bar-iron  making  hi  France,  Belgium,  Germany,  Spain, 
and  tlic  United  States  of  America ;  nevertheless,  in  some  of  these  countrks, 
especially -/Vmcrica,  the  coinimrative  cheapness  of  wood  compared  with  that 
of  mineral  fuel,  is  seen  in  the  larger  nimiber  of  tlie  works  sUll  using  charred 
wood.  Belgium  manufacturers  employ  mineral  fuel  almost  exclusively;  Swe- 
den, Norway,  Uiissia,  Austria,  juid  Italy,  smelt  charcoal-iron  only;  and  the 
same  may  be  said  of  Oriental  and  Afiican  manufacturers. 

The  bands  of  coal  in  our  coal-fields  are  numerous,  but  at  present  it  is  only 
tlie  best  and  tliickest  that  are  worked.  Bands  less  than  two  feet  are  not 
\\Tought,  unless  in  conjunction  ^ntli  other  minerals,  as  ore  and  fire-clay.  "With 
the  exhaustion  of  the  fields,  attention  wiU  doubtless  be  directed  to  these,  and 
economical  metliods  of  extraction  devised.  Thick  bands  of  carbonaceous 
matter,  cax)able  of  3'ieldiug  large  quantities  of  heat  during  combustion,  inll 
also  receive  attention,  and  be  apphed  to  useful  purposes. 

The  manner  in  which  tlie  ore,  fuel,  and  flux  generally  occur  in  the  laiger 
coal-fields  of  this  country,  is  well  exempUiled  by  a  sectional  sketch  of  a  portion 
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Section  of  part  of  the  South  Wale*  Mineral  Basin. 

of  the  northern  outcrop  of  the  South  Wales  field.  In  the  accompanying  engrav- 
ing a  considerable  thickness  of  millstone  grit,  shale,  impure  coal,  and  ores* 


iiLtcrveiie  between  the  irou-oro  luenuures,  and  the  gi'eat  dejM)sit  of  mouutain 
limestone ;  but  the  gentle  inclination  of  the  strata  in  this  roj^on  (the  fall  being 
al»out  1  in  12  liorizontal),  aided  by  the  liilly  character  of  the  coiintr}%  causes 
the  lowest  stratiun  of  limestone  to  ap|KMir  at  the  sui-facc,  witliin  a  mile  or  t\\'o 
of  the  appearance  of  the  main  deposits  of  ore  and  fuel. 

Coal-mining  is  prosecuted  in  a  manner  very  similar  to  tlie  extraction  of  tlic 
iron  ores  of  the  same  district.  In  South  Wales  a  considerable  quantity  is  derived 
from  open  workings,  or  quarries,  and  in  a  few  otlier  locaHties  limited  quantities 
are  tlius  obtained.  It  is,  however,  from  deep  subterranean  excavations  that  the 
chief  amoimt  of  mineral  fuel  of  this  countiy  is  derived.  The  method  of  siiik- 
iug  the  pits,  the  adaptation  of  steam  engines,  the  n])pa]'atus  for  pumping  and 
winding  the  cages,  guides,  and  waggons,  have  been  already  descri1>ed ;  tlie 
operations  of  driving  the  levels  and  lieadings.  and  tlic  opening  of  the  oblong 
excavations  called,  in  the  Welsh  disti'icts,  tttftihf  is  conducted  in  nearly  the 
same  manner,  whetlier  the  mineral  sought  be  iron-ore  or  coal.  In  the  South 
Staffoxdahire,  and  other  districts,  the  system  pursued  in  the  opening  of  tlie 
work  at  bottom  is  slightly  different,  tlie  result  of  peculiarities  in  tlie  sevcml 
fields  as  well  as  local  customs ;  but  it  may  be  remarked,  that  extraction  ^nthout 
breaking,  and  at  tlie  cheapest  rate,  is  the  object  wliich  deteimines  tlie  process 
to  be  followed  in  working  tlie  several  bands. 

Several  of  the  coals  }^eld  large  quantities  of  inflammable  gas,  to  dilute  or 
dissipate  wliich  special  ventilating  i)owci"s  are  required.  1'he  iron-ore  miner 
is  seldom  incommoded  by  imxmrc  aii* ;  and  a  small  ventilativo  aj^paratiis 
suffices  for  an  extensive  ai-ea. 

Coking  Ooal,  and  Coke  Mtimifavture, 

Mineral  fiicl  is  composed  essentially  of  gaseous  and  solid  substAnccs  in 
Tarring  proportions.  In  the  best  and  x)^ii'est  specimens,  the  portion  capable 
of  forming  gaseous  compounds  wiUi  oxygen,  or  of  existing  naturally  as  a  gas, 
forms  9tt  or  OU  jKjr  cent,  of  the  weight ;  otlier  si)ecimen8  yield  1)  or  10  per 
cent,  of  solid  earthy  substances,  which  remain  as  ashes.  A  few  contain  IS 
and  20  per  cent,  of  ashes ;  but  such  varieties  are  not  extensively  mined,  and 
at  present  only  possess  value  in  tlic  absence  of  otliers  containing  a  greater  pro- 
portion of  gases.  The  ashes  of  coals  vary  in  the  elements  ;  tlieir  relative 
proportions  in  differeut  districts  being  intiuenced  in  a  degree  by  the  character 
of  the  stirroimding  strata.  Tlic  gaseous  constituents  of  coal,  so  far  as  ana- 
h*sis  lias  detcrmijied,  are  unifonn  in  number,  but  vary  greatly  in  their  relative 
proportions. 

Common  pit-coal  contains,  as  constituents  capable  of  entering  into  gaseous 
combination,  carbon,  hydrogen,  oxygen,  nitrogen,  and  sulphur.  Carbon 
forms  the  principal  ingredient  in  the  combustible  value  of  coal.  The  purest 
anthracite  of  South  Wales  and  Pennsylvania  contain  92  or  08  per  cent. 
Other  coals  of  a  weak  bituminous  character,  such  as  the  Dean  Forest  and 
Someraetjihire,  yield  00  or  65  per  cent. ;  between  these  two  extremes  are 
found  the  coals  known  as  cubical,  reedy,  caking,  clod,  cherry,  sx)lint,  and 
cannel — ^names  too  often  nsed  indiscriminately,  without  refereivce  \a  eWTCiSfi.\\V  V 
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composition,  or  other  suificicutly  distinguishing  peculiarity.  The  hydrogen, 
nitrogen,  and  oxygen,  occur  in  var^'ing  proportions — the  former  in  some  coals 
to  5  or  0  per  cent. ;  nitrogen  2  ;  and  oxygen  up  to  18  or  20  per  cent 

Sulphur  is  a  constituent  to  tlie  extent  of  3  per  cent,  in  some  coals,  but  the 
larger  number  contain  from  1  to  H  P^r  cent.,  while  a  veiy  few  yield  less. 
The  presence  of  tliis  substance  is  prejudicial  to  the  use  of  the  coal  in  smelt- 
ing and  refining ;  and  when  existing  in  the  larger  proi)ortion,  renders  it  alto- 
gether unsuitable  for  tlie  produ(?tion  of  the  finer  kinds  *of  iron. 

The  ashes  of  coal  consist  frequently  of  siUca,  ahmiina,  and  oxide  of  iron, 
with  minor  quantities  of  lime,  magnesia,  manganese,  potash,  phosphoric  acid, 
and  suljihur.  The  tliree  first  commonly  constitute  70  to  80  per  cent,  of  the 
whole ;  their  presence  exercises  no  injurious  efiect  on  the  quality  of  the 
metal :  the  two  last  enter  to  the  amomit  of  1  to  7  per  cent.,  and  to  this  extent 
they  are  injurious.  Compared,  however,  with  the  sulphur  of  the  fuel,  and 
phosphoric  acid  of  the  ores,  the  ashes  contain  only  a  very  minute  quantity  of 
deteriorating  mixture,  the  effects  of  which  may  be  safely  neglected  in  practice. 

P^or  smelting  purposes,  the  amount  of  sulphur  and  ashes  being  similar, 
tlie  value  of  a  coal  will  be  ncai-ly  proj^ortional  to  tlic  amoimt  of  carbon.  For 
the  blast  and  refiimig  furnaces,  coke  was  formerly  the  only  state  in  which  coal 
a<lmitted  of  being  turned  to  accoimt ;  and  even  now  it  is  probable  that  more 
than  half  tlic  total  quantity  of  British  manufactured  iron  is  so  prepared. 
The  coking  of  coal  is  analogous  to  the  chaning  of  wood,  and  is  conducted  in 
a  similar  manner,  cither  on  the  open  ground,  or  in  close  vessels.  An  essen- 
tial condition  in  forming  coke  is,  that  the  coal  swells  on  being  heated,  and 
changes  into  irregular,  spongj'  masses,  which  adhera  intimately  together; 
tlius  producing  a  material  free  from  sul2)hiu''  and  hydrogen,  and  which  is  not 
altered  bv  heat. 

Coldng  in  the  open  air  is  commenced  by  levelling  a  diy  sandy  surface  of 
twenty  or  thii*ty  yards  diameter,  and  building  in  a  rough  maimer  in  the 
centre  a  dwai-f  brick  chimney,  ^rith  apertures  and  open  joints  at  the  bottom; 
around  this  a  sti-atum  of  large  coals  is  loosely  placed,  and  on  these,  other 
coals,  till  a  circidar  mound,  tliirty  to  tliirty-five  feet  diameter,  and  of  the 
height  of  the  central  chimney,  is  formed.  When  coal  abounds  in  sulphur, 
how^ever,  as  well  as  bitumen  and  water,  tlie  best  mode  of  coking  is 
in  rows,  or  clamps;  tlie  length  of  such  rows  may  be  from  twenty  to 
a  hundred  feet,  but  in  width  they  must  not  exceed  twelve.  Rro  is 
applied  to  these  masses,  and  a  partial  combustion  maintained  by  the 
indraught  of  the  chimney.  "Wlien  the  entire  mass  is  ignited,  the  lower 
portions  are  covered  with  a  thick  stratum  of  dust  from  other  cokings,  which 
operation  is  continued  to  the  centre ;  tlius  cutting  off  the  further  admission 
of  air,  and  conccnti*nting  tlie  heat  already  yielded  to  the  expulsion  of  the 
volatile  gases.  The  process  of  covering  is  continued,  any  broken  part  being 
inmiediately  repaired,  until  tlie  mass  has  cooled  doi^ii,  when  it  is  opened,  and 
the  coke,  now  cohering  in  a  mass,  dug  out,  and  wheeled  to  the  smeltiDg 
furnaces. 

It  may  be  observed  that  coke  is  an  exceedingly  hygroscopic  substance, 
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laUi  tu  tbe  amount  of  30  to  CIO  per  ccut.  mcreosQ  of  iveiglit  iu  a 
it:  it  should  tbeTerure  bo  carefully  protected  from  dig  iroatber, 
be  iron  fused  with  it  will  be  much  deleriorHted. 
t:ld  of  coke  from  b  given  weight  of  ctml  appears  to  be  raainlj 
whan  tlie  process  lias  becit  ncll  conduced,  oi>  the  onginal  quon- 
on  1  tile  richest  give  6h  to  UO,  and  the  poorest  coala  40  to  io  per 


ilung  haa  largely  increaeed  of  lute  j-earB. 


e  of  close  vessels  iu  c 

be  divided  into  two 
"ick  ftimacea  or  ovens : 
iticftUy  sealed  retorts. 
IS  are  variously  con- 
;ircular,  oval,  square, 
jular  on  the  phui,  with 
domed  roof,  and  nith 
t   machinery  for  dia- 

The  circular  form,  of 
action  is  given  iu  lh« 
ing  engraving,  is  used 
lerable  extent  in  cok- 
cohIs  of  a  bitoniiiious 

Till!  interior  chamber 
Qughout  with  firebrick, 

ly  bound  with  iron  hoops  on  the  outside  to  resist  the  tlirust  of  the 
lort  chimney,  aometimes  canryuig  a  ilnniper,  rises  from  Lho  centre 
e  ;  communicating  with  the  interior  are  two  doors,  two  feet  square, 
bidt  the  cools  are  chained  and  diiicliarged. 

ocess  is  conducted  by  ligliting  a  fire  on  tlie  floor  of  the  oven,  and 
nto  it  three  or  four  tons  of  coals,  or  until  about  three-fifths  full, 

free  admission  of  air  tdll  the  wliole  ia  in  an  incandescent  state. 
;clcra(«d  by  the  draught  of  the  clunuiey,  When  tlie  interior  is  at 
heat,  the  further  admission  of  air  is  prevented  by  soaliug  up  the 

is  now  left  a  few  lioura,  ocussionally  inspected  througli  a  small 
I  door,  nnlil  the  falling  off  in  the  escape  of  gas  from  the  ohimuey 
he  completion  of  the  process.  The  doors  are  uow  opened,  and  the 
(e  (baivn  by  bars  and  hooks  on  to  the  floor  of  the  coke-yard.  In 
:iug  the  process,  the  heat  commuuicat«d  to  the  brick-work  by  the 
mbusdon  of  Uie  previous  charge  materially  assists  iu  tlie  rapid 
nentof  gas,  and  renders  the  hghting  of  a  second  firo  umiecessnry. 
ly  tlie  most  objectioniible  part  of  the  cokiug  in  ovens  is  seen  in  the 
use  or  abuse  of  water  iii  coohng  the  resulting  red  hot  coke.  The 
wss  oecnpies  only  twenty  or  twenty-four  hours,  aud  inuuediately  a 
bimm  it  is  required  to  be  removed  out  of  the  way  of  operations, 
applied  iu  torrents,  Baturating  the  poke,  and  entajhng  evils  of  the 
litude  iu  tlie  economical  workiug  of  the  smelting-fumace.  Coke 
il  firequently  contains  30  to  39  per  ceut.  of  water. 
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CokiiLg  in  retorts,  as  pursued  iu  the  mannfactnre  of  gas  for  lighting  por- 
l>oseB,  is  a  species  of  (listillation  in  which  the  heat  required  for  Tolatiliziiig 
the  lighter  gases,  is  derived  from  fuel  humt  outside  the  retort  The  expulsion 
of  tlie  gases,  aiid  xn-oduction  of  a  sound  coke,  ahsorhs  a  quantity  of  heat,  in 
whatever  way  the  coking  may  he  performed.  Witli  the  majority  of  cools,  the 
erases  thus  expelled  have  a  calorific  value  greater  than  the  heat  expended  in 
their  scxiai-aiion.  The  distillation  in  close  retorts  is  in>'ariahly  done  with  a 
view  tu  tlio  utilization  of  tlie  gases  evolved ;  and  the  process  is  prosecuted  so 
long  as  tlie  coal  yields  gas,  without  reference  to  the  quality  or  quantity  of  tlie 
resulting  coke.  Hence  gas-coke  is  held  to  be  of  inferior  qualit}*,  and  ia 
seldom  used  in  smelting. 

In  oi)on-air  coking,  a  jmrtial  combustion  of  the  fuel  is  pennitted  to  gene- 
rate sufficient  caloric  for  tlie  requirements  of  the  process;  if  successfolij 
performed,  the  quantity  thus  consumed  wiU  not  be  greatly  in  excess  of  tlie 
heat  rendered  Litciit.  The  use  of  ovens  is  attended  witli  a  diminished  con- 
sumption, inasmuch  as  the  brick-work  reduces  tlie  amount  of  radiation  to  the 
surrounding  atmosphere,  and  acts  as  a  store  of  heat  from  one  charge  to 
another.  An  advantage  of  this  kind,  however,  may  be  more  than  counter- 
balanced through  inattention  to  other  points. 

The  bullc  of  the  coke  obtained  is  larger  than  that  of  tlie  coal  used ;  the 
increase  of  volume  varving  with  the  aniuunt  of  volatile  constituents,  and  the 
mode  iu  which  the  <.»pi!ratioii  is  conducted.  Coals  containing  much  hydrogen 
and  oxygon,  expand  considiTably ;  while  those  ha^*ing  the  largest  quantity  of 
carbon  undergo  but  a  small  increase.  If  coals  of  the  former  class  be  placed 
in  a  red-hut  vessel,  niul  the  operation  prosecuted  at  a  bright  red  heat,  tlic 
resulting  coke  occuj^ics  a  space  twice  as  great  as  that  of  tlie  original  coal. 
This  bulky  coke,  howcvor,  contains  10  to  Ui)  jier  cent,  less  carbon  than  ii 
would  have  containcMl  if  coked  slowly  at  the  lowest  heat  comi>atible  with 
perfect  carbonization. 

Wood-chaning  is  conducted  m  a  manner  similar  to  tliat  pursued  with 
open  coking  of  mineral  fuel.  The  short  billets  or  logs  of  wood  are  placed  in 
an  inclined  direction  around  a  centre  post  to  form  a  circular  heap,  which  is 
covered  with  chips,  leaves,  and  a  thick  coating  of  breeze  from  former 
charriugrt.  Fire  is  applied  to  tlie  heap,  and  a  smothered  combustion  main- 
tained until  the  whole  has  ignited,  when  further  access  of  air  is  prevented  by 
julditional  c«)veringK  of  dust,  and  the  pile  is  allowed  to  cool.  At  other  times,  tlie 
wood  is  piled  in  longitudinal  heaps,  one  end  of  which  is  covered  and  fired, 
while  the  (»thcr  is  being  extended  by  the  addition  of  fresh  logs.  In  this 
manner  the  process  may  be  seen  in  continuous  operation ;  the  setting,  firing, 
and  drawhig  going  on  simultaneously. 

Hard  wood  logs,  twelve  months  cut,  jieldcd  fifty-five  per  cent,  of  woody 
fibre,  after  having  been  dried  at  400"  F.  Charred  in  a  close  vessel  without 
entrance  of  air,  tJie  coal  produced  gave  twenty  to  twenty-five  per  cent,  of  the 
original  weight  of  the  woo<l.  With  pine  and  other  soft  woods,  tlie  yield  of 
coal  varies  from  ten  to  eighteen  per  cent.  Oak,  beech,  mahogany,  lignuni- 
A-itflP.  and  hanl  woods  prenorally,  yield  the  best  coals  for  smelting. 
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A  qnaatity  of  charred  wood  is  obtamod  in  the  distillation  of  pyroligneous 
acid.  The  green  wood  is  placed  in  iron  retorts  and  submitted  to  a  high  tem- 
perature for  twenty-four  hours,  when  the  carbonization  of  the  wood  is  com- 
plete. A  charge  of  beech  yields  forty-five  jier  cent,  of  wood  vinegar,  eight  per 
cent,  of  combustible  oil,  and  twenty-two  of  charcoal,  showing  a  loss  of  twenty- 
five  per  cent,  probably  due  to  moisture.  The  soil  on  which  the  timber  grew 
appears  to  affect  the  quality  and  quantity  of  the  products,  equally  with  the 
Idud  of  wood  employed.  Timber  grown  slowly  on  a  dry  soil  yields  the  largest 
quantity  of  liquid  products,  as  well  as  a  maximum  of  cliarcofd.  For  smelting 
purposes,  however,  wood-charcoal  prepared  in  this  manner  is  held  to  be 
greatly  inferior  to  that  prepared  in  open  mounds. 

Fluxes  used  in  the  Smelting  Furnace. 

The  iron  ores  smelted  in  England  contain,  for  the  most  part,  considerable 
quantities  of  sihcious  and  aluminous  earths,  and  require  the  addition  of  a 
thin  substance  to  form  a  readily  fusible  compoimd,  incapable  at  high  temper- 
atures of  holding  any  considerable  quantity  of  iron  in  solution.  Limestone 
forms  the  cheapest  material,  and  is  used  for  the  purpose  whenever  attainable. 
The  mountain  limestone  of  the  carboniferous  era  is  preferable  to  others : 
'  immense  beds  of  it  are  composed  of  nearly  pure  carbonate  of  lime.  At  its 
northern  outcrop,  the  South  Wales  deposit  frequently  contains  ninety-eight 
per  cent  of  carbonate  of  lime,  with  very  small  quantities  of  silica,  carbonate 
of  magnesia,  sulphate  of  lime,  and  oxide  of  iron. 

Chalk  forms  an  excellent  flux :  and  where  obtainable  in  sufficient  quantity 
at  a  cheap  rate,  is  sometimes  used  instead  of  limestone.  It  may  be  designated 
as  a  friable  carbonate  of  lime,  mixed  with  a  very  small  amoimt  of  siHca  and 
oxide  of  iron. 

Oyster  shells  have  been  recommended  by  one  author,  as  a  suitable  flux 
in  smelting  furnaces.  Containing  a  large  per-centagc  of  phosphate  of  lime, 
as  well  as  water  in  the  state  of  an  hydrate,  they  form  about  the  worat  mateiial 
which  it  is  possible  to  adopt.  The  water  may  be  expelled  at  a  high  heat,  but 
the  phosphate  remains,  to  the  injury  of  the  iron. 

Calcination  of  the  limestone  is  frequently  performed  previous  to  introduc- 
ing it  into  the  furnace,  with  a  decided  advantage  in  the  quaUty  of  the  product 
and  yield  of  fuel.  To  analyse  the  advantage,  however,  is  a  matter  of  some 
difficulty.  Caustic  lime  is  a  very  hygroscopic  substance ;  it  absorbs  moisture 
from  the  atmosphere  with  great  rapidity,  and  passes  into  an  hydrate  in  a  few 
hours.  Hence  it  is  absolutely  necessary  to  keep  it  perfectly  dry,  and  to 
remove  it  from  the  calcining  kUn  only  as  required  for  filling  into  tlie  blast 
foznace. 
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CAi.nis.tTioN  of  iron  ora  is  performed  cither  in  kiln*  or  in  the  open  air.  TLe 
eutUj  cfirbonntes  or  the  coal-mcaaurcs,  luid  the  caibonates  of  the  primtij 
formfllions,  nre  nsnalU-  siiliroitted  to  Qiia  preliminuy  operation.  Some 
ami'ltci-s  i-iitciiio  Ihu  ori's  of  tUo  oolitic  fonnation,  but  the  hMinatites  and  m*f- 
nclic  nxtiii'ii  are  mrut}'  Riilijui'tcd  to  the  procciia.  In  South  Wales,  laha  ut 
usually  [■iiiploToiI ;  Iho  StAirunlsliirc,  Shropshire,  aud  Scotch  ameltera  folluT 
the  o]ii'ii-niv  pliui,  nnd  cnlcine  the  on*  in  Inrge  heaps. 

Th<>  (.lUi-iiiiiii!  kihi  in  usually  built  in  the  rear  of  the  blttst  fuinwe,  intd 
whidi  tlip  pn<pare<I  ore  in  ivliei'lcd 
after  iiTicl litis.  Its  scnptnl  form  and  ^^^^^T 

size  nrn  Iit'ld  to  liu  of  liltlc  moment, ^W^wS^ 

Bolonf<  I1H  llic  tliiirni^h  ciili'imtlinn 

of  tliD  (irc  is  cfi'ci-tcil  f'POMomitLillj-. 

The  ^'rit'nil  fonn  is  tlint  of  on  iii- 

Tcrli'd  fntslniin  of  n  ciinc;    the 

mnj.ir  iliitim-liT  )4  or  II  fi'tt.  itiid  tho 

hcigiit  1 1  iiT  l-~i  foi-t,  widUi  lit  htit- 

tom  'J  fr'i't.      Coiniiiiuiiuntiiij;  nith 

the  Hitiriiir  nt  bottom,  in  nu  niwr- 

turt!  fi.i-  llif  iiillnlitiirnl  uf  llic  ciil. 

ciiiLil  111,' ;  nl-i)  u.  law  Biiiull  iirificcs 

for  tliL.  Hili.iUsinii   of  nir.      At   a 

liciKlit  i.r .'.  iir  II  ii'i't  iilio\-.'  Iho  top 

of  the  hllti,  n  milruiiil  im  oiipport^d 

oninUaix,  owr  ivliidi  tlm  luailfd 

tnun-ivnwinspiiasnnildi'livcr  their 

contcnlM  into  tliu  cnvity  of  Uio  kiJn.  ^''"™  "'  ™'J^''»  *'^- 

Tlu-HL'  aiTHugt'iiientH  nre  best  seen  liy  tlic  nceompanyiiig  section  of  a  mI- 

ciniii^  kiln. 

Ill  p.>iumciichic  opcniliuiw  irith  a  nev.-  kiln,  a  fire  is  lighted  on  the  floor, 
and  wliiii  ill  fiill  i},niitii>n  in  covcrpd  with  a  qunntity  of  ore.  Otlier  fuel  is  no* 
added  nl.iiiu  witli  succeHniTo  stiuta  of  tlio  ore,  until  the  interior  is  filled  with 
in:niU.'d  find  nnd  ow.  Aclivi;  eoinbuBlioii  in  iniiiiilnincd  at  top,  where  the  on 
IB  siibjeclfd  to  II  hif^h  temiiemtiire,  ftnidiiHlly  dycronsuig  in  ila  descent  to  the 
dischnrgiuu  niwrture.  If  tlic  ojicnilion  by  coutuuiouB,  as  in  generally  the  caae, 
the  kiln  n'f[uircs  to  bo  filled  rcffularly  nnd  cwnly  over  its  entire  area,  vilb 
duo  attention  lo  Uio  atmtiliuntion  of  tlio  on>  and  fuel.  If  the  fuel  be  thrown  on 
irregularly,  a  portion  of  tho  ore  iti  not  Ihorouf^tily  cnkincd ;  if  thrown  on  in  ex- 
cess, not  oidy  is  find  ttusted,  hut  tJie  calcinin);  power  of  the  kiln  is  diminished 
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It  is  ncccssaiy  also  that  there  sliould  bo  coiiHidcrablo  uniformity  iii  the  dimen- 
sions of  the  pieces,  otherwise  the  resulting  ore  will  be  more  or  less  imi)crfoctly 
calcined.  To  ensure  successful  results,  tlie  operation  demands  unremitting 
attention  tliroughout. 

Tlie  process  of  calcination  in  the  open  air,  as  pursued  in  scvcml  dL'ttricts, 
is  rude,  exi)ensivc,  and  incomidcte.  Ore  is  first  thrown  on  a  levelled  space ; 
next  a  quantity  of  fuel  is  added ;  tlien  more  ore  and  fuel  alternately,  until  a 
]ai)j:o  heap  is  fonned.  It  is  now  ignited,  and  tlio  whole  allowed  to  bum  until 
the  fuel  is  consumed.  The  cooled  mass  is  dug  over,  and  the  calcined  ore 
wheeled  to  the  blastfurnace ;  wliile  such  portions  as  are  imperfectly  done  are 
placed  aside  for  a  second  operation. 

Tlie  perfect  calcination  of  the  ore  results  in  the  expulsion  of  its  volatile 
constituents,  and  tlie  conversion  of  protoxide  into  i)ero.>dde  of  ii*ou,  if  protoxide 
exist  in  the  origimil  ore.  The  volatile  substances  compiise  carbonic  acid, 
water,  sulphur,  and  organic  matter.  In  the  earthy  cai'bonates,  tlie  carbonic  acid 
forms  about  thrce-tentlis  of  the  weight  of  tlie  ore ;  its  complete  expulsion,  there- 
fore, Ls  deemed  a  matter  of  essential  iini)oi'tance.  The  amount  of  water  varies 
with  the  character  of  tlie  ore :  the  hydrated  haematites  of  tlie  oolitic  formations 
contain  1:3  to  16  per  cent. ;  the  luematites  of  Cumberland,  Dean  Forest,  and 
Cornwall,  5  to  lU;  while  the  earthy  carbonates  of  tlic  coal-measures,  range 
from  2  to  5  per  cent.  To  expel  tlie  entire  quantit}-  of  water  chemically  com- 
bined, as  well  as  such  as  exists  in  the  hygroscopic  condition,  the  ore  requires 
to  be  lieatcd  to  a  low  redness.  The  amoiuit  of  sulphur  is  generally  small,  and 
is  only  partisdly  oxidized  during  the  process.  Carbonaceous  ore,  such  as  the 
(black  band)  ores  of  Scotland,  also  lose,  by  combustion,  a  large  amount  of 
coally  matter.  From  these  several  causes  the  loss  of  weight  by  cidciuation 
is  large — ^in  some  varieties  amounting  to  uearl}'  50  per  cent.  • 

During  caldnation,  the  ore  gradually  loses  its  bluish  grny  colour ;  at  first 
it  deepens,  until  a  bluish-black  is  attained ;  the  latter,  in  its  turn,  gradually 
disappears,  and  gives  place  to  a  reddLsh-bro>\ii. 

If  a  large  imperfectly  calcined  nodule  from  the  coal-measures  be  broken, 
the  outer  portion  displays  the  reddish-brown  tint,  gradually  passing  through 
a  blackish  colour  into  the  original  bluish-gi'ay  at  tlie  centre.  In  tliis  centi-al 
portion,  yet  unacted  upon  by  the  fire,  tlic  iron  is  in  its  original  state  of  car- 
bonate of  the  protoxide :  tlie  blackish  poiiion  contains  the  metal  as  tlie  mag- 
netic oxide,  while  the  outer  portion  has  been  thoroughly  poroxidized.  The 
expulsion  of  the  carbonic  acid,  and  tlie  oxidation  of  Uio  ore  to  the  state  of 
magnetic  oxide,  is  effected  at  a  comparatively  low  temperature ;  but  tlie  further 
rapid  oxidation  of  the  ore  to  the  condition  of  peroxide,  appears  to  require  a 
high  temperature — one  approaching  that  of  Uie  blast-furnace. 

As  a  general  rule,  ores  of  the  same  formation  are  best  calcined  together, 
in  preference  to  an  admixture  with  ores  from  other  formations.  If  a  particu- 
lar ore  should  contain  much  sulpliuret,  it  ought  to  be  treated  by  itself,  lest 
the  sulphorous  acid  produced  should  contaminate  ores  which  are  cleaner. 

Tlie  sejHiration  of  the  sulphur,  when  existing  as  sulphuret  or  bi-sulphide 
of  iron,  may  be  greatly  facilitated  by  introducing  a  jet  of  high-pressure  steam 
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]  7  -  METHOK  or  BEiircrxe  isosr  oke. 

I  t)..    •        i:I  i.'j  with  a  suffiriencT  of  atmcispliene  air  vliile  ftt  the  bi^iol 
I'll:]'  iMtuyi-  i-f  ti.-  ral'.iDUiir  fhmBce.    The  sn^ilrar  passes  off  as  sulphuretted 

iivilr";.''  :i.  v.liik-  th*.-  i:!<.tal  rt-miiizis  oxidized. 

lu'hf.t'wn  tf  the  Ore  to  ^^letaRie  Iron. 

Thi '  i'  r-iiiHlnct.  <!  in  f^'o  vnvs — firrt.  bv  deoudizzxi*;  rich  ores,  at  a  snffir 
'  i-  iitlyl;!:.'!:  tiiiij^  niliiri.  fi.r  tlio  particles  to  cohere-,  so  as  tobeincoxporate^inti) 
}i  1!'  Ill  I  y  r.  jiMitoil  JiuiiiTiK'riii^ — a  mdde  nnivereallr  followed  at  one  |kiiod,  j 
sii.'i  Mill  i>];irti-(rl  Irv  n]]  .soiiii-civiLscd  cations:  seoondhr.  hr  deoxiJiziiig 
till-  /.ji  -.  :»:i'l  liv  fii>i.iii  aluii;;  with  a  t!iix.  whereby  the  metal  separates  by  in 
•^njn-rii'r  -jidiiio  ^.Tiiviiy.  as  in  liquid  cost-iiou — a  process  folloired  by  all  nsr 
tioii-  iiiiii::if:i<inrin^  ci  in- ideral  lie  quantities  of  iron. 
I  It.  i-i  ii(it  ini]iro)iaM>'  that  the  Fiaeltiu^  appliances  of  the  ancient  Briton 

I    wfvi-  !  iiuilar  to  iInKr  imu-  used  bv  some  of  tlie  nations  of  Central  Afiira,  as 

•  I 

I    i\f  .v\\\ii(\  in  r:ij-li's  tr:iv(  Is.     I1i<;  native  AIncnn  builds  a  small  fdnxace  of  riar. 
!    iil»ont  tlij'i-  Ud  r1i;:ni(-t<T.  and  nine  feet  liigh.  wattled  around  to  prevent  its  ' 
tnr/l.iii»r  t  .  piiiis  dnriiij.'  the  Mowinj:.     At  the  iMttom  it  is  fumishel  ^"illi  a  j 
I    niiiJiKi  J'  fif    iij:!]!  oriiicj .-,.  iiito  wliieli  clay  tuvt-ro -pipes  are  firmly  luI'M  ^th  i 
.    tin*  :  ;iiijr  im:i|i  ri;il.     'I'lioc  j>ip(.s  nro  fnnncd  around  a  ceutml  core  of  w-Hid,  ■ 
I    :  In  ii^'ilurml  \^\  ^\Y\\\..ni  L'n'.ss.  un-I  dried  in  the  sun.     Tlic  bellows.  wlj»h  arc  | 
j    iii:"li-  (,f  «.,  :!i-l.in,  :i)»|'f:»r  t<»  Ix;  ustd  merely  for  commcnoiug  and  ditfiising 
I    tin  li>  at  tljri.ti;.'li  ilic  fm  1.  thr  furna«^e  btin^  aflerwanls  ur^ed  by  the  ptat  : 
j    ijMlniii;.'ht  tS  silr  flirnn;:),  ij,,.  (.i;,y  tuyore-pipes.     Tlie  filling  of  the  furuuctfis 
I    roiiijiirti  «|  with  ronniH  iidsililc  nj^oilnnty  :  first  a  quantity  of  drj- brushwood, 
thi-n   jilli  njjil«!  Isjyi  Ts  of  ilijinoul  and  broken  ore  up  to  the  top.  the  ohaiv«"«al  ; 
b«  in;.^  ill  r\r(ss.     As  l]i(;  Hisir;,'«j  descends,  fiulher  quantities  of  charcoal  are  i 
Jirhhrl  iiniil  tin-  riid  of  tin;  third  day,  wlien  llie  tuyerc-piiHJS  arc  withdrawn.  • 
jind  Ihi-  !iir  sillnw*  d  fnr  ju'c(-ss  to  eoul  the  furnace.     When  quite  cold,  part  of  ; 
iIk'  fjniit  of  ih<;  funisn'o  is  removed,  and  the  reduced  metal  which  had  accn- 
niuliifcd  111  the  hoKom  tnkcn  (mt. 

The  on«  usctl  in  this  i)rimitivc  furnace  appears  to  be  a  nearly  pure  [ 
iK-roxidi?  of  inm;  frnm  Avliirli  lirrumstancc,  and  the  purity  of  tJic  charcoal  j 
iiMi'd,  tlie  nsultin^r  mass  has  little  cinder  adhering  to  it.  'ExiH>sed  also  to  I 
tlie  (h'M\i(li/in;r  inllm-iue  (»f  numerous  cun-cnts  of  air,  it  partakes  of  the  , 
elnira<'lrr  of  sti-rl.  and  requires  repeated  forgiiigs  to  fHshiou  it  into  articles  of  ■ 
utility.  I 

Tin*  n..tt<ntotH  of  Soutliem  Africa  manufacture  small  quantities  of  iwn  I 
for  fahrirsition  into  tlnir  nule  instnimcnts  of  warfare.  Their  furnace  is  of  a 
eoiiiral  form,  huilt  of  a  «-ljiy  wliirli  hecomrs  extremely  hard  and  refractoij*  after 
Imming ;  an  opening'  is  h-fl  at  tin;  (op,  for  the  admission  of  the  ore  and  fuel,  and 
esraiM?  of  th(!  gases,  and  other  openings  occur  at  bottom  for  the  insertion  of  the 
elny  noz/le  of  the  imde  bellows,  made  of  goatskin.  These  are  worked  by  alter- 
nat(dy  dist«!ndiiig  nnd  compressing  them  by  tlic  hand.  The  ore  employed  is  a 
rich  oxide,  with  wliich  tlic  funiacc  is  supplied  along  ydiXi  charcoal  fuel! until  a 
sufficient  quantity  of  metal  has  accumuktcd.    When  tlic  operation  has  ter- 
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ininated,  a  lump  of  metal  of  a  pasty  consistence  is  extracted  from  tlic  hearth, 
and  converted  to  its  purpose  yriih  immense  labour. 

The  nations  of  India  have  for  a  verj'  loup(  period  been  in  the  habit  of 
smelting  cast-iron.  Tliose  resident  in  the  southom  port  of  tlie  continent,  use 
small  furnaces  about  live  feet  high  by  two  feet  wide  in  their  largest  diameter. 
The  material  is  weU-tcmpered  clay,  which  appears  to  withstand  tlie  action  of 
the  fire,  equally  well  with  tlie  best  English  fire-chiy.  Bellows  for  supplying  tlio 
blast,  arc  made  of  a  pair  of  goatskins,  which  dehvcr  the  air  into  a  clay  tuyere- 
pipe,  the  point  of  which  projects  considerably  into  tlie  furnace.  After  under- 
going a  slight  drying  in  the  sun,  the  furnace  is  partially  tilled  with  charcoal 
and  ignited  at  the  bottom.  The  ore  used  is  the  maguetic  oxide,  combined 
with  variable  proportions  of  qiuirtz,  from  which  it  is  separated  by  pomiding 
and  washing ;  it  is  moistened  with  water,  to  prevent  its  too  rapid  descent 
amongst  tlie  interstices  left  by  the  charcoal,  with  which  it  is  chai-gcd  in 
regular  rotation.  The  blast  is  directed  into  the  furnace  for  a  few  hom*s, 
effecting  the  metallization  of  the  ore  with  the  crombustion  of  the  fuel ;  when 
the  process  is  complete.  A  portion  of  the  funiace  is  now  taken  doAMi,  and 
the  cake  of  metal  extracted.  To  seimrate  any  extraneous  matter,  it  is  beaten 
'with  mallets  and  cut  into  halves,  tlie  better  to  show  its  quaUty. 

Tlie  natives  of  tlio  Himalayan  ranges  smelt  small  quantities  of  ore  in 
a  modification  of  the  preceding  furnace.  The  height  of  tlie  furnace,  which 
is  built  of  clay,  is  nearly  tlie  same  ns  the  southeiii  fui-uace,  but  the 
diameter  is  only  about  one-half;  it  is  supported  over  a  fire-place  upon 
a  stone  pedestal.  The  magnetic  oxide  of  iron  is  mixed  with  chai'coal 
and  filled  into  tlie  funiace,  where  it  is  reduced  by  the  alternate  action  of 
two  goatskin  bellows,  and  eventually  tapped  tlirough  an  oiifico  in  the 
bottom. 

The  Persian  method  of  smelting  diflfers  from  both  African  and  Indian. 
Ilicb  ores,  of  tlic  magnetic  oxide  and  red  luvmatite  classes,  are  common  in 
tliat  couutr}',  where  tlie  manufacture  was  early  established.  The  hearth,  in 
which  the  reduction  of  the  ore  is  effected,  is  about  15  inches  square  at  bottom 
by  m  inches  deep,  and  is  partly  excavated  out  of  the  clay  floor  of  the  hut  in 
which  tlic  operation  is  performed.  Into  a  clay  tuyere-pii)e,  built  in  a  low 
wall,  which  forms  one  side  of  the  hearth,  tlie  nozzle  of  a  pair  of  bellows,  which 
coiuititute  the  blowhig  apparatus,  is  inserted.  The  smelting  hearth  is  sepa- 
rated from  a  deeper  and  larger  hearth,  into  which  the  cinder  runs  over  a  dam 
of  powdered  charcoal  and  cinder  from  previous  workings.  The  heartli  is 
covered  with  a  chimney,  passing  through  the  roof  of  the  hut.  In  smeltuig, 
the  clean  ore,  of  the  size  of  hazel  nuts,  is  filled  into  tlie  smaller  hearth,  along 
with  a  due  proportion  of  charcoal.  The  filling  of  tlie  hearth  is  completed 
with  a  layer  of  charcoal,  and  the  reduction  proceeded  witli.  After  igniting 
tlie  charcoal,  tlie  bellows  are  urged  to  Uie  deliver}'  of  a  stream  of  blast  until 
one  side  of  the  enclosed  ore  is  tlioroughly  deoxidized  and  softened  into  a 
paety  state,  when  it  is  turned  round  so  as  to  expose  the  otlier  portion  to  the  blast, 
and  tlie  bellows  finally  urged  to  their  utmost  power.  The  blast  is  continued 
for  about  three  honrs,  when  the  charge  of  ore  will  liave  been  reduced  to  a 
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sciui-iliiid  mass.  At  tliis  stage  the  dam  is  taken  down,  and  the  mass  of  re- 
duced iron  in  tlie  hearth  is  detached  from  the  aides  and  bottom.  It  is  then 
lifted  from  tlic  hearth  on  to  tlie  floor,  where  it  is  beaten  with  hammers  to 
exiH'l  the  cinder  tliat  may  have  lodged  in  the  interstices  of  the  bloom,  pt- 
pamtoiy  to  a  more  regular  hammering  on  the  anvil. 

The  ore — a  mixture  of  the  magnetic  oxide  and  finest  red  hiematite  weD- 
cleaned — contains  nearly  70  per  cent,  of  metal ;  but  in  the  hearth  the  produce 
averages  only  50  per  cent,  of  flnished  blooms,  witli  a  consumption  of  S  of 
charcoul  to  1  of  iron  luoduced.  The  make  of  hearths  of  this  size,  amoimts 
to  about  100  lbs.  daily,  of  a  metal  which  is  subsequently  converted  into  steel 
of  excellent  quality. 

The  Catalan  forge,  an  improved  form  of  the  Persian  low-blast  furnace,  is 

common  on  the  Continent,  also  in  the  States 
of  Nortli  America.    It  consists  of  a  low  e^e^ 
tion  of  stonework,  about  seven  feet  square,  with 
a  fire-place  in  one  comer,  snnnoiinted  with  t 
flue  and  hood  similar  to  old-fashioned  smithy 
fires.  The  fire-place,  ()r,  more  properly,  hearth, 
is  about  two  feet  square  at  top,  and  a  fittle 
more  than  half  tliat  de2)th,  lined  with  refnc- 
tory  fire-stoue,  cemented  Ti-ith  clay,  and  so  ar- 
ranged tliat  damp  may  not  ascend   to  tiie 
bottom  stone.    The  blast  is  produced  by  ft 
pair  of  ponderous  wooden  bellows,  driven  by  a 
water-wheel,  and  delivering  the  air  through  a 
conical  tuyere  iron  in  the  back.     Reduction  of 
v:  the  ore  to  a  metallic  state  is  effected  nearly 
'    ill  Uie  following  maimer : — Tlic  hearth  being 
lined  witli   charcoal-duRt,  and  the  charge  of 
ore  ])la('cd  against  and  above  the  side  fnrtliest  from  tlie  blast ;  tlie  interven- 
ing space  is  iilled  with  charcoal,  which  is  heaped  up  against  the  tuyere  wall 
to  a  height  of  two  or  tliroe  feet.     At  fii-st  a  hght  stream  of  blast  is  directed 
upon  the  incnndoscont  fuel ;  when  it  has  been  applied  about  two  hours,  a 
portion  of  tlic  ore  \^'ill  have  been  reduced  at  tlie  bottom,  forming  a  pasty 
mass  of  semi-fluid  iron ;  afterwards  a  stronger  blast  is  employed,  and  the 
luireduccd  poilious  brought  within  its  influence.    In  a  short  time  the  iron  is 
completely  reduced,  and  the  chiders  run  off  tlirough  a  tapping-hole,  leaving 
tlie  mass  of  iron  in  tlie  hearth.     Tliis  is  quickly  lifted  by  iron  bars  to  such  a 
position  before  the  blast,  that  the  intense  heat  tlii'own  on,  agglutinates  its 
particles  into  a  bloom  of  ten  or  twelve  inches  diameter ;    it  is  tlien  taken  to 
the  hammer,   shingled,  and  eventually  conveiled  into  hammered  bars  or 
into  steel. 

Much  of  the  success  of  tliis  operation  depends  on  the  skill  of  the  attendant 
workman.  The  resulting  metallic  mass  is  composed  of  iron  in  the  several 
states  (by  chemical  analysis)  of  malleable  iron,  castiron,  and  steel;  the 
relative  proportions  are  controlled  by  tlio  mode  of  blowing  and  charging  the 
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earth.  Wheu  slowly  conducted  nith  an  elevated  tuf  ere,  the  production  of  sU:cl 
}  considerable ;  a  more  rapid  reductiou  prodoceB  iron  iu  larger  quantity. 

The  ore  for  use  in  this  furnace  requires  to  be  clean  and  comparatively 
Fee  from  eztrBneona  matters ;  earthy  carbonates  and  the  majority  of  the  ores 
iiErailing  in  England  cannot  be  profitably  reduced  in  such  fumacea.     The 
CCS  are  sometimes  anhjected  to  calcination,  but  oftener  used  in  tlie  raw  atatc. 
The  Biscayan  forge  is  vety  similar  to  the  Catalan,  a  modification  of  which 
is  here  given ,  repteBenting  a  high- blast  furnace, 
ivhere  tlie  bloat  is  driven,  as  represented,  by 
H  of  water  powLT ;  A  being  the  reservoir 
in  which  tlie  water  is  collected  from  the  neigh- 
bouring heights,  G  and  F  pipes  tlirough  which 
the  air  is  forced  by  tlic  fulling  water  B,  T  the 
tuyere,  cil  n,  section  of  the  furnace,  and  D  an 
outlet  for  tlie  niistc  wati^r.    It  is,  as  are  all 
furnaces  of  its  class,  available  only  in  districta 
where  wood  fuel  is  abundant  and  cheaply  ren- 
dered.     The  ore  is  calcined  and  sifted,  tlio 
smaller  dust  being  set  aside  for  subsequent  usa 
in   the   oiwration.      When   charged  into   tlio 
hearth,  it  filbi  about  one-tliird  of  the  space; 
tho  remaining  two-  tliirds  btiiug  filled  with  char- 
cool.    To  BoUdity  Uio  ore,  it  is  covered  with 
moist  cinders  mixed  mtli  clay.     A  moderate 
blast  is  kept  up  fur  about   tK'o   hours,  after 
whioli  itisinoreaaedueurlylo  fusion.  The  work- 
in  ployed,  some 
in  iiifssiiij;  down  char- 
coal, an  the  former  sup- 
buriiH  away,   thus 
keeping  the  hearth  full, 
and      pre- 
venting the 
crbmUing 
I  of  the  ore ; 

J  detochiug 

'  tiio    pieces 

of  ore  from 

the     sides, 

ind  placing  tiiem  in  &ont  of  the  blast ;  and  in  regulating  the  consistence  of 
the  cinder  by  adding  more  or  lees  of  the  fine  aiftiugs,  well  watered,  to  prevent 
their  blowing  away  with  the  current  of  gases.  If  the  cinder  is  too  thin,  the 
lOMtti^  of  ore^iftiDgs  added  is  increased;  if  too  thick  and  viscid,  it  is 
iiminiahed.  The  excess  of  cinder  produced  is  permitted  to  escape  through 
w  i^artnrv  bit  for  flia  pnipoae.    The  operation  lasts  about  ui;  Yioun,  ui& 


r 


]8*2  CHKMICAL   PRTKCIPLES  OF  IRON  FBODUCTIoy. 

results  in  the  production  of  a  lump  or  bloom  of  iron,  yaiyiiig  from  200  to 
400  lb.  in  weight,  from  ratlier  more  than  t^vice  this  quantity  of  ore. 

Although  accustomed  to  look  on  the  African  and  Pcraian  furnaces  as  rade 
and  impei-fiect  appliances,  compared  with  the  high-blast  fomace,  their  woik- 
ing  involves  similar  chemical  changes ;  great  attention  is  required  to  be  paid 
tliroughout ;  wliilo  it  must  be  admitted  that  the  products  it  yields,  after  le- 
manufactiu'c,  ni*e  tlie  finest  known  samples  of  the  metal.  With  the  high-bhist 
furnace,  iron  is  reduced  in  large  quantities,  and  from  ores  of  an  inferior  descrip- 
tion ;  but  in  Uic  Persian  hearth,  the  metal  is  reduced  in  a  tenth  of  the  time : 
and  even  this  rapid  rate  of  reduction  is  followed  by  the  production  of  a  re- 
markably fine  metal.  Tlic  great  purity  of  the  ore  'ivrought  in  these  small  j 
furnaces,  and  tlie  quality  of  tlie  charcoal  employed  as  fuel,  doubtless  operate 
much  in  favour  of  the  quality*.  Yet,  looking  at  aU  the  circumstances  connected 
witli  them,  it  must  be  conceded  that  the  native  African  and  Tndian  hsTe,  an- 
assisted  by  science,  attained  ver^*^  respectable  proficiency  in  the  working  of 
iron,  so  far  as  quality  is  concerned. 

Tlie  tlicoiT  of  the  bloomhig-fumaco  is  not  well  settled.  If  the  ore  be  a 
haematite,  or  a  magnetic  oxide,  calcined  ;  ore  piled  up  on  tlic  hearth  opposite 
the  tuyere  will  contain  the  iron  in  the  state  of  peroxide.  Tlio  oxygen  of  the 
blast  entering  through  the  tuyere,  unites  witli  the  carbon,  forming  carbonic 
acid ;  this  gas,  sonic  >mtoi-s  maintain,  is  immediately  couA'erted  into  carbonic 
oxide.  The  cxperinKints  on  tliis  head  are  A'ciy  inconclusive :  in  some  cases, 
it  is  stated  that  the  oavbouio  acid  occupies  a  space  of  two  or  tlirce  feet  from 
the  entrance  of  the  air  ;  in  others,  that  it  is  only  the  same  number  of  inches. 
Without  stopping  to  speculate  as  to  the  exact  distance  to  wliich  it  extends,  it 
may  be  reniavked  that  the  small  size  of  the  ore  invariably  used,  greatly  fiftcih- 
tates  the  reduction.  The  carbonic  oxide  (and  perhaps  solid  carbon)  acting 
on  the  oxygen  of  the  peroxide,  converts  the  ore,  fii'st  mto  the  magnetic  oxide, 
then  into  the  protoxide ;  and  liiuilly,  with  the  abstraction  of  tlic  last  equivalent 
of  oxygen,  into  metallic  iron.  Although  direct  experiment  is  required  to  settle 
tlic  point,  it  is  highly  probable  tliat  during  the  lirst  two  hours  of  blowing : 
when  a  weak  stream  of  blast  is  found  most  advantageous  to  the  process,  car- 
bonic oxide  is  a  priucipid  result  of  the  smothered  combustion ;  and  this  gas. 
reacting  for  such  length  of  time  on  a  pulverized  ore,  effects  its  complete  de- 
oxidation.  Tlio  subsequent  increase  of  temperatiurc  causes  the  grains  of 
reduced  uon  to  agglutinate  togetlier,  as  in  tlie  puddling  process,  into  a  bloom 
capable  of  being  moulded  under  the  hammer. 

It  will  be  seen  that  only  a  verj^  small  quantity  of  iron  is  reduced  to  the 
liquid  state  of  crude  cast-iron ;  the  mass  is  merely  deoxidized,  and  passes, 
by  repeated  manipulations,  into  the  state  of  wrought  iron.  To  enter  at  oner 
into  this  state,  involves  the  existence  of  a  degi'cc  of  purity  imattainable  in  any 
blastfurnace,  and  seems  to  point  to  tlie  incorrectness  of  tlie  ^^ews  generally 
held  respecting  the  utility  of  particular  modifications  of  the  common  fonn  of 
blast-furnace ;  the  consideration,  however,  of  this  subject,  must  be  deferred  till 
wo  come  to  Uio  blastfurnace. 

A  mo<lification  of  this  process  has  lately  been  experimentally  trietl  in  the 
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[Jnited  States ;  some  few  years  siuce  a  similar  modiiication  received  a  trial  iu 
ills  coTintry.  In  tliifl  modification  of  the  old  method  of  produciug  wrought- 
iron  direct  from  the  ore,  the  latter  is  placed  along  with  about  25  per  cent,  by 
nreiglit  of  ground  carbonnceous  matter,  iH  a  chamber  attached  to  a  common 
rcYcrberatory  furnace,  so  as  to  be  heated  by  the  flues.  The  carbonaceous 
[natter  deprives  the  ore  of  its  oxygen,  which  is  then  dra\vn  into  the  chamber 
of  a  puddling-fumace ;  and  puddled,  balled,  and  sliiuglcd  in  the  usual  manner. 
Fhe  process  is  simply  a  modification  of  the  Catalan  hearth, — natural  draught 
\}j  a  chimney  and  mineral  fuel,  being  substituted  for  the  blast  and  charcoal 
fdel  of  the  latter.  The  ore  is  caaily  deprived  of  a  portion  of  its  oxygen ;  but 
the  last  equivalent  clings  to  it  with  great  tenacity,  and  requires  a  high 
temperature  to  efSact  ite  removal  with  rapidity.  The  process  is  entirely 
inapplicable  to  the  poorer  ores  of  the  coal  formations,  and  appears  to  be 
more  expensive  both  iu  labour,  and  fuel,  than  the  method  ordinaiily  pui-sued 
m  the  redaction  of  the  ore  to  malleable  iron. 

IlitjJi-bkist  Furnace. 

The  modem  blast-smelting  furnace,  in  which  the  iron  ore  is  converted  into 
metallic  iron,  is  a  large  and  carefully-built  structiu*e,  in  the  interior  of  which, 
complicated  chemical  processes  of  great  magnitude  are  constantly  being  solved 
with  rapidity  and  completeness.  1^  interior  of  tlie  furnace  is  usually  of  a 
circular  form,  i^proaching  in  sectional  elevation  to  the  figure  presented  by  two 
Gmstmms  of  cones  joined  at  their  m%jor  diameters.  The  interior  is  lined 
with  fire-brick  or  refractory  fire-stone ;  and  an  outer  casing  of  brick  or  stone 
is  generally  added. 

One  of  the  objects  in  the  construction  of  furnaces  is  to  condense  the 
beat  into  the  smallest  possible  space,  in  order  to  diminish  the  surfiace  of  the 
i.pparatas,  and  consequently  the  radiating  surface.  As  regards  chimneys, 
heat  being  the  object  sought,  it  ought  to  be  preserved ;  the  walls  therefore 
»nnot  be  too  thick  or  carefully  built.  The  height  is  net  important,  pro^ided 
irises  over  the  buildings,  and  is  sufficiently  high  to  secure  entire  combustion, 
ftnd  cany  the  carbonic  acid  gas  which  escapes  beyond  the  reach  of  doing 
liann.  In  all  metallurgic  operations  it  is  essential  that  the  chimney  be  ^-ide 
snough  for  the  escape  of  the  hot  gases  produced ;  these  gases,  generated  from 
different  kinds  of  fuel,  are  never  equal  in  their  composition.  Wood  and  bitu- 
minous coal,  containing  water,  generate  a  large  quantity  of  steam,  besides  car- 
bonic acid ;  while  anthracite  and  charcoal  generate  chiefly  the  latter,  of  a  specific 
^vity  of  1*52.  It  is  evident  that  a  greater  degree  of  heat  is  required  to  render 
this  product  of  the  same  specific  gravity  as  the  atmosphere,  and  set  tlie  gases 
in  motion ;  hence  the  conclusion  is  drawn  by  some  authors  that  a  cliimncy 
tor  bituminous  coal  requires  to  be  larger  than  one  for  either  wood  fuel, 
anthracite,  or  charcoal. 

In  order  to  economise  the  heat,  tlie  interior  of  the  chimney  should  bo  per- 
fectly smooth — the  bricks  so  far  refractory  as  to  resist  vitrification  or  melting 
imder  the  heat  to  which  they  are  exposed.  Tlie  accompanying  figure  shows 
the  vertieal  aectioiL  of  a  modem  blast-furnace,  whore  the  masonry  is  constructed 


\ 
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rough  bniiilstonc.  The  interior  is  funned  of  fire-proof  mateiialB.  cithct 
ilKtiinc  or  lirc-Iirick.  It  is  eieo  important  to  have  efficient  n 
,  I1H  it  is  desirable  llmt  tlic  botlom  part  of  the  furnace  should  be  di;  ud 
-III.  At  tlio  bottom,  oritices  are  constructed  in  the  brickwork  for  Iba 
inKcrliim  of  llie  blast-pipes, 


I  front  fur  Uie 
disi'hnrgc  iil  tliu  liquid  iron 
Biid  cinder;  the  latter  ch- 
cnpim  Livtr  a  dniu-stonc  or 
plad",  tlic  top  of  whidi  is 
icnrly  uii  a  level  nitli  the 
iiiilcr  Bide  of  the  bliiRt- 
ii|ii'd.  Tlic  orifice  fur  tlie 
mcUl,  on  a  level  n-itU  tlic 
bolluin  or  licnrtU  of  tlic 
funuifc,  in  tluscd  bctit'ci'u 
the  riLNtiu^  by  n  lute  of 
fire-clay  ur  Niud;  tin 'Re  for 
the  futmis^on  of  tlic  coin- 
preKKcd  air  arc  linL'd  with 
Nhect  or  cast  tuyere-irons, 
kqit  cool  liyasinnll  current 
of  water  ciTculatiii;;  in  tlic 
metal.  CiimpresiKd  air,  or 
''blii.st"  as  it  is  coraroonly 
c&llcd.  is  bnmglit  from  tlic 
blowin^r  cngiucs  in  large 
metal  pipes,  from  nliieh 
smaller  pistes  braucli  oil'  to 
acli  of  tlic  tuyere  orilicca 
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the  furnace,  where  tliej  tcnninate  in  tbt 
a  Hli^hlly  tapered  pipe.  Tlic  top  is  open,  nilli  the  exception 
,uf  a  liriek  cliiuincy,  ]ii('rced  vitli  openings  for  the  insertion  of  the  materiili- 
lo  [ii'iilcct  tlio  atleiuliml  n-orkmsn  fnun  the  intense  heat.  Tho  exterior  of 
I  lie  runiare  is  variuiiKly  shaped  :  eqtiarc  is  a  vei7  general  form  in  Wolea, 
n-Iicrt  liuikling  stone  is  iiiexpeusive  ;  wliilc  tlie  square  base  and  circular  top 
is  the  preiniling  form  in  Stnflurdshire  and  Scollnnil.  As  a  general  mle,  the 
exterior  fonu  is  pcrfi'ctly  immateriiil  to  the  working  of  tlie  fumnce,  so  long  u 
it  prevents  the  nuliation  of  lieat,  and  is  bored  in  sucli  a  manner  as  to  reWin 
its  fonn  unaltered  under  great  changes  of  temperature. 

The  dimensions  of  blast-fiiniaces  varj"  greatlj';  and  tlie  several  propor- 
tions of  the  interior,  on  nhielk  muck  undoubtedly  depends,  are  made  nitkent 
nny  nile  or  metliod.  This  iuntteution  to  general  principles  ia  not  confined  to 
England.  In  llie  North  American  States,  where  tlie  iron  trade  has  advanced 
vrith  strides  almost  equally  rapid,  furnaces  working  on  similar  mincnli 
are  built  of  all  dimensions  between  S  and  S'J  feet  diameter ;  in  the  heigbt, 
greater  regularity  is  observed ;  the  extreme  range  in  that  country  lying  between 
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18ft 


43  feet  In  KtigUnd  tlio  fumaceB  range  between  D  feet  diameter  by 
.  the  amalkst  of  the  Anthracite ;  to  20  diameter  by  00  high,  tlie  Urgest 
'  districts.  The  throat  of  modem  fumaccB  la  comparatively  hirge,  a 
.on  of  one-balf  of  the  largest  diameter  being  now  common.  A  eimilarlj 
iroat  is  seen  in  the  uilhnicite  furnaces  of  America ;  but  the  cliarcoal 
furnaces  irork  with  small 
thtoals,  ofteu  not  more 


I   20   . 


'   30   i 
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The  extorioT  size  of  fur- 
naces is  subject  to  the 
same  caprice  as  the  in- 
terior. Purtj  feet  is  a 
common  size  at  base,  but 
they  may  be  seen  as  small 
as  20,  and  so  large  as  50 
feet. 

The  sitaatian  of  the 
furnaces    in   the   neigh- 
bourhood of  steep  hills, 
liOH   been  tnkeu  advan- 
tage of  in  Wales  to  bring 
the  materials  ou  to  the 
top  nithout  recourse  to 
machinery.  In  Staffopd- 
Bhire  and  other  districts, 
in  the  absence  of  similar 
natural  advantages,  vari- 
ons  appliances  have  been 
employed  in  the  elevating;  of  the  materials  to  the  level  of 
llio  Aimace.    Old  fumaces  aro  commonly  ivrought  with 
on  inclined  plane,  carrying  riiils,  over  which  a  platform 
earriape  is  moved  by  Bttilionary  power.      Water-power  ia 
applied  to  a  hmited  extent :  and  the  pressure  of  the  blast 
en  a  piston,  connected  niUi  multiplying  gearing,  may  be 
seen  in  opcralion  at  one  or  two  places.  The  most  effective 
OS  well  a.s  inexpensive  of  these  appliances  appears  to  be 
the  well  and  pneumatic  cylinder,  an  apparatus  capable 
of  lifting  very  large  quantities  to  any  required  height. 
It  usually  consists  of  a  brick  veU,  in  the  rear  of  the  fui- 
nace,  a  few  feet  deeper  than  llie  height  of  the  furnace,  in 
wliich  a  -wrougkl-irbn  tube,  i  or  0  feet  diameter,  open  at 
the  bottom,  but  closed  at  Ibc  Icp,  works  up  and  down  in 
Bailable  guides.     A  pipe  frem  the  eugine  main,  passes 
down  to  the  engine  well ;  and  turning  up  inside  the  tube, 
■■■  ia  lirouglit  iienrly  on  a  level  with  the  surface.     The  pipe 

otablo  ytlya  to  regulate  and  slop  the  admission  of  blast.    Water  fills 
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the  AVL'Ll  to  ^WUiiu  a  few  feet  of  the  saAce,  forming  an  air-tight  joint  fvonnd 
the  pii'O,  in  its  nscont  and  descent.  The  upper  end  of  the  tube  is  famished 
with  an  outlet- valve,  and  also  carries  a  platform,  on  which  the  loaded  bairows 
arc  supported.  Tliis  platform  works  in  a  framework  of  guides ;  and  its  weight, 
and  that  of  the  tube,  are  nearly  balanced  bj  weights  attached  to  chains  passing 
over  pulleys  at  tlic  top. 

The  working  of  the  apparatus  is  extremely  simple.  The  admission- valve 
is  opeiii'd,  and  the  blast  passing  through  the  pii>e,  presses  against  the  closed 
end  of  the  tube,  with  a  force  proportional  to  its  density,  and  the  horizontal 
area  exposed  to  its  action.  Assuming  the  tube  to  be  5  feet  in  its  interior 
diameter,  and  the  pressiu*c  of  the  blast  3  lbs.  to  tlie  square  inch,  it  will  rise  i 
witli  a  force  of  His  I  lbs.  On  amving  at  the  required  elevation,  the  further 
admission  of  blast  is  shut  oif,  and  by  its  elasticity,  the  portion  in  the  interior 
buoys  up  tlic  tube  until  the  barrows  are  emptied  into  the  fumacOt  when  the 
descent  is  accomplislied,  by  opening,  more  or  less,  the  outict-valve  or  the  tube; 
the  esiiipe  of  tlie  confined  blast,  by  diminishing  the  resistance,  allows  it  to 
descend.  The  nito  of  descent  ia  regulated  at  pleasure  by  tlie  eseape-vahe,  | 
which  is  made  of  such  a  size,  relatively  to  tlie  tube,  tliat  when  fiill  open,  the  unin- 
terrupted ilow  of  blast  will  not  be  suiHcicnt  to  produce  an  injurious  >^locity.    - 

The  '*  blast"  for  urging  the  blastfurnace  is  commonly  generated  by  powerful  ■ 
steam-engines,  working  metal  cylinders,  fitted  with  tlie  requisite  pistons  and  | 
valves  lor  tlio  admission  of  tlie  air  and  deliver}'  of  tlie  blast.     In  the  United 
States,  and  some  parts  of  Germany,  wooden  blo^nng-machines,  driven  by 
water-pt>wer.  ai*c  veiy  general,  tliough  greatly  inferior  in  i^oint  of  efficiency  to 
the  steam-engine  aiul  metal  cylinder.     AVater-power  was  formerly  much  em- 
ployed ill  England :  but  the  frequent  deficiency  of  water,  in  summer,  has  caused 
it  to  l>c  supei*seded  by  steam,  even  in  the  most  favourable  localities.     The  sim- 
plest f«mn  of  engine,  with  duo  regartl  to  reguhirity  of  working,  is  the  beam 
high- pre .ssurc.  having  a  hca^'y  lly-wheel  to  caiiy  it  over  centres.   The  propor- 
tions of  the  parts  belonging  to  the  steam-cud  are  made  considerably  heavier  and 
stronger  than  for  ordinary  steam-engines,  with  a  ^•icw  of  removing  all  risk  of 
iu^cident  from  weakness :  the  blowing  cylinder  is  usually  about  t\Wce  the  area 
of  tlie  steam  cylinder.    With  tiicsc  proportions,  and  high-pressure  steam,  the 
engine  Anil  bo  perfectly  able  to  compress  tlic  blast  to  a  pressure  of  (i  or  7  lbs. 
to  the  square  inch,  though  in  pnictice  3  lbs.  is  a  more  common  x>rcssure.    In 
erecting  a  blowing-engine,  however,  it  is  best  to  have  a  surplus  of  power 
on  the  steam  side,  in  case  a  high  x)ressuro  of  blast  should  at  any  time  seem 
advisable. 

The  size  of  the  blowing-cngiuo  will  depend  on  tiie  number  of  blast-fumoccs 
in  operation,  and  Uic  quantit}''  of  iron  whicli  it  is  sought  to  obtain  from  them.  | 
If  the  furnaces  are  small,  and  working  on  gray  crude  iron,  a  blowing-engine  | 
of  the  largest  class,  viz.  ^nth  a  twelve-feet  bloAving-c}'lindcr,  will  suffice  for 
ten  or  twelve ;  "with  larger  furnaces,  working  on  white  crude  iron,  the  same 
engine  will  suffice  for  seven  or  eight  furnaces,  and  the  usual  complement  of 
blast  refineries.  To  blow  so  many,  however,  it  is  necessary  that  the  engine 
should  be  driven  at  a  minimiun  speed  of  400  feet  per  minute,  and  be  furnished 


ientlj  lai^e  mains,  and  numerous  and  eafficientiy  large  blast  and 
qiiantitj  is  Bought  iireRpective  of  qualify,  a  modem  iiireutiaa  for 
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le  blast  is  very  i^encrally  adopted.  Over  a  fireplace  a  series  of 
ipes  of  an  arched  form  arc  mounted  on  tn-o  horizontal  pipes,  in  tlti: 
ch  cold  air  enters,  and,  passing  through  the  arched  pipes,  nhsorbs 
LCiLtcd  metal  a  large  occessiou  of  temperature  bcfani  entering  the 
ly  placing  over  tho  fire-place,  the  requisite  number  of  arched  pipes. 
tlj  large  surface  is  exposed  to  the  action  of  tlic  lire  underueatb,  to. 
last,  in  its  rapid  passage,  to  a  temperature  equal  to  the  melting-point 
[n  the  eai'lior  furnaces  to  which  the  invontjou  was  applied,  a  large 
sposcd  to  the  fii'e,  several  jnrda  in  length ;  but  the  loiv  temperature 
he  blast  woa  heated  led  ultimately  to  U)c  adoption  of  a  nnmbcr  of 
pes  of  a  sectional  form,  oifering  a  large  surface  to  ttio  beat ;  throngli 
s  the  blast  is  forct'd  in  a  number  of  thin  sb'eams.  \Vith  tliia  provision, 
ipid  rate  at  which  the  bloat  is  propelled,  namely,  from  3U0D  to  GODO  feet 
s,  or  Sfi  to  TO  miles  per  hour ;  it  is  apparent  that  atmospheric  air  is 
receiving  on  accession  of  nearly  700  degrees  of  tempemturo  in  lesB 
«cond  of  lime — a  rapidity  perfectly  marvellous,  compared  with  the 
ivmcBH  of  natural  phenomena. 

imigemenfs  followed  in  the  production  of  crude  iron  with  tlie  high' 
tee.  consist  in  filling  into  tlie  throat  at  top :  ore,  fiiel,  and  ilus,  and 
blast  through  the  tuyere  orifices  at  bottom.     The  combusliou  of 
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tlie  fuel  KeiieratL's  a  sufficiently  high  tempentnie.  to  ftise  the  adjacent  pieen  of 

ore,  niid  Hux,  thus  lil)cralm)T  metallic  iron,  which  descends  into  the  lowv 

licortli,  from  wliencc  it  is  allowed  to  flow 

nn'ay  tlirough  the  tappiug  hole  at  stated 

limes  ill  llie  day.     The  hghtcr  |>ortionB  of 

tlie  hijuid  matter,  comprising  tJio  cinder, 

fluata  on  the  melnl,  and  flon's  over  a  notch 

in  tlkc  dou-stoue  into  a  miitahlu  receptacle, 

Ro  as  to  tioliilify,  prc^ioiia  to  removal.     Hie 

atlcudoiitH  lit  J<i])  hnrc  to  fill  regularly  and 

cvuuly.  over  nil  the  niateiinliu  the  furnace, 

nii  fuxt  as  it  (Icsccuds  by  fusion ;  while  those 

at  liiu  liuttum  aro  oceuiiied  in  witlidrawing 

thfi  metal,  attciuling  lo  the  cinder,  and 

(-tearing  the  tu}~cro  oiilices,  bo  that  no  ob- 

Klnii'tiun  liiny  be  opposed  to  the  entrnnce  nf 

thu  blast. 

Ciiiuiiuijit'f'ii  nf  iliiteritii. 

Tlic  quimtity  oi  <^TK  ifquireil  to  prod^Eo 
a  ton  of  irini  varies  ivitli  its  rii-lincss.  <  H 
llif  onilliy  tiirlHjunles  uf  the  coii!-niensnrt>-, 
and   Uio    urea    of  the    imlific    formnlioii.  h.i-.pb'-h"''- 

thcre  urc  rt-quircd  nbout  (i<)  cwts, ;  of  tlie  hsmatitcB  of  Dean  Forest  and 
Curuwoll,  about  4(1  cn-ta, ;  'n-hUe  of  tlie  Lnncosliire  and  Cumberlaud  on, 
;W  to  -10  produce  a  tun  of  iron.  The  fuel  ranges  from  iiO  to  50  cwta.  aud 
upwards,  ileiKudiiif:,  purtly  uu  llio  quality  and  hardness,  but  more  on  the 
economy  of  tlio  funmoc.  The  flux  for  the  eartliy  carbonates  consists  of  lime- 
stone or  chalk,  added  at  the  rate  of  12  to  \f*  cwts.  per  ton  of  iron ;  for  the 
cnlcan^DUs  ores  of  the  mountain  limestone  foimntioii,  shalo  bonds  of  tbs 
cool-moasure  arc  used  for  the  fonnntion  of  a  sufficiently  fluid  cinder.  Tbia 
Mubstancc  ia  also  ailded  to  the  rich  luematites,  to  compensate  for  the  deficiency 
uf  eartliy  matters  for  forming  the  necessary  cinder.  The  qimntity  of  solids 
tlius  cliargcd  into  the  top,  amounts,  on  an  average,  to  tl  tons  for  every  ton  of 
crude  iron  oblniuud. 

The  quantity  of  air  b1uii-n  into  the  bottom  of  the  furnace  may  be  estimated 
by  weight  at  1  rt  tons  for  each  ton  of  iron  mode ;  whence  it  follows  that  the 
total  weight  uf  Uie  solids  ami  gases  brought  into  artion  in  the  reduction  ut 
one  ton  of  iron,  amounts  to  ill  tons.  In  tlie  blast-fumat^e,  tUia  is  rapidly 
resolved  into  hqiiid  matter,  weighing  about  3  tons,  which  escapes  at  the 
bottom  ;  while  gaseous  inatlen),  weighing  nearly  10  tons,  ascend  the  fiimace, 
and  escape  at  the  top. 


II  the  Chemienl  Lahoratury  nf  Iht  BUiUfurnaee. 


AsBummg  the  furnace  to  be  fiUed  with  ore.  fuel,  and  flux,  in  the  proportions 
which  an  oiiiilyBis  of  each  lias  determined  to  be  moat  suitable,  the  chemical 
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changes  may  be  said  to  commence  with  the  entrance  of  the  (cold)  blast  into 
the  fomaoe.  The  composition  of  atmospheric  air,  with  an  average  amount  of 
moisture,  may  be  taken  as  follows : — 


Oxygen 2100 

Nitrogen 77r)0 

Aqoeoua  vapour  ...  1*42 

Carbonic  add ....  *08 


10000 


Nitrogen,  which  is  the  largest  constituent,  appears  to  undergo  no  altera- 
tion, merely  passing  through  the  incandescent  materials  iu  the  furnace,  and 
escaping  at  the  top ;  while  oxygen,  the  next  largest  constituent,  on  entering 
the  hearth  of  the  furnace,  combines  with  the  fiiel  there  present,  and  at  a  few 
inches  firom  the  tuyere  is  converted  into  carbonic  acid ;  ascending  through 
the  ignited  fuel,  the  carbonic  acid  is  partly  or  wholly  converted  into  carbonic 
oxide.  A  portion  of  this  gas  deprives  the  ore  of  its  last  equivalent  of  oxygen, 
and  is  converted  back  to  carbonic  acid ;  in  its  further  ascent,  upwards  to  the 
throat,  it  is  influenced  by  the  temperature  of  the  surrounding  materials.  If 
these  are  at  a  high  temperature,  the  carbonic  acid  unites  with  the  carbon  of 
the  red-hot  fiiel,  and  escapes  at  the  top  as  carbonic  oxide ;  if  the  temperature  is 
low,  it  is  unaltered,  and  escapes  as  the  carbonic  acid.  A  second  portion  of  the 
earbonic  oxide  first  formed,  abstracts  the  second  equivalent  of  oxygen  from 
the  ore,  and  passes  upwards  in  a  similar  manner;  while  a  tliird  portion 
passes  unaltered  to  near  the  throat,  where  it  deprives  tiie  ore  of  its  first 
equivalent  of  oxygen. 

The  aqueous  vapour  is  decomposed,  the  liberated  oxygen  uniting  with  the 
main  body  of  oxygen  in  the  air,  while  the  hydrogen  ascends  to  the  top.  It 
is  e(Rnmonly  stated  that  the  small  quantity  of  lliis  gas  which  tiius  ascends,  is 
vithont  influence  on  the  operations  of  the  furnace ;  but  this  statement  requires 
eonfiiination  by  direct  experiment.  The  minute  quantity  of  carbonic  acid  in 
the  air  acts  in  the  same  manner  as  the  larger  volume  produced  by  combustion 
of  the  carbon. 

Chemical  change  in  the  composition  of  the  calcined  ore,  commences  imme- 
diately on  entering  the  furnace.  After  calcination  it  is  of  an  open  porous 
ttmctiire,  readily  permeable  by  gases ;  on  entering  the  throat,  Uie  ascending 
carbonic  oxide  deprives  it  of  one  equivalent  of  oxygen,  leaving  it  as  a  mag- 
netic oxide.  In  ibis  state  the  ore  descends  the  furnace  to  the  more  elevated 
temperature  of  the  hearth  above  the  tuyeres ;  the  carbonic  oxide  now  abstracts 
a  second  equivalent  of  oxygen,  and  immediately  afterwards  the  ore  yields  its 
last  portion  of  oxygen,  and  descends  into  the  hearth  below  the  influence  of 
the  heat.  If  the  ore  contains  water,  it  is  vaporized  at  the  top,  and  escapes 
as  steam. 

The  fdel  (coke)  in  the  upper  part  of  the  furnace  is  absorbed  to  a  great  ex- 
tent in  the  production  of  carbonic  oxide,  and  also  by  the  destructive  velocity  of 
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tlie  gases  in  the  narrow  throat.  The  width  of  this  part  of  the  fiimaco  mate- 
rially influences  the  consumption  of  fuel.  Lower  down,  tlie  fuel  supplies 
ciirhon  to  Uie  carbonic  acid,  to  form  carbonic  oxide  for  the  deoxidation  of  the 
ore,  and  for  union  witli  the  metal  as  a  carburet;  tlie  portion  of  fuel  which  has 
escaped  consumption  in  tlie  descent,  is  converted  into  carbonic  acid  la  the 
region  of  tlie  tuyere. 

The  change  produced  in  the  limestone  flux,  api>ears  limited  to  the  expul- 
sion of  its  carbonic  acid,  whicli  is  eflected,  in  tlie  case  of  small  stones,  in  the 
neighbourhood  of  tlie  throat ;  ^nth  larger  stones  its  entire  expulsion  is  effected 
at  a  greater  depth  in  tlie  furnace. 

Tlie  chemical  changes  result  in  corresponding  valuations  in  the  tempera- 
ture of  the  ascending  current  of  gases.  The  oxygen  of  the  external  air,  on 
cntciing,  combines  with  the  remaining  caibon  of  the  fuel,  liberating  a  lii]ge 
amount  of  caloric,  which  is  taken  up  by  the  ore,  flux,  and  gases.  The  in- 
tensely high  temperature  in  tliis  part  of  the  furnace  continues  to  the  lerel 
where  carbonic  oxide  is  formed ;  a  slight  temporary  diminution  now  takes 
place ;  it  Ls  partially  restored  by  the  reconversion  of  carbonic  oxide,  into  cu- 
bonic  acid  in  the  deoxidation  of  the  ore.  The  temperature  slightly  decreases 
to  the  level  where  the  flux  evolves  its  carbonic  acid.  The  quantity  of  heat, 
rendered  latent  at  this  level,  produces  an  immediate  reduction  of  temperature. 
The  conversion  of  the  wnter  into  steam,  combined  witli  the  ore  and  fuel,  also 
tends  to  a  diminution  of  temperature  in  tliis  region.  Li  consequence,  how- 
ever, of  the  small  bulk  of  material  at  top,  tlie  rapid  draught  there  created, 
results  in  a  partial  combustion  of  the  fuel,  and  tlie  maintenance  of  a  hi^ier 
temperature  than  otherwise  would  be  tlie  case. 

During  the  passage  of  the  gases  tlirough  the  furnace,  tlie  reduction  of 
temperature  at  each  level,  consequent  on  the  foimation  of  carbonic  oxide,  and 
the  large  influx  of  carbonic  acid  from  the  limestone,  is  much  less  than  has 
been  stated  by  some  wiiters.  Very  mistaken  \ikiW8  on  tiiis  subject  have  arisen 
from  their  treating  the  upward  cun*ent  as  consisting,  at  the  lower  level,  of 
carbonic  acid,  and  from  estimating  this  current  as  being  converted  into  ca^ 
bonic  oxide,  when  necessarily  a  large  reduction  would  ensue.  In  realit}',  the 
upward  cuiTent  of  gas  just  above  tiie  tuyere  consists  of  carbonic  add,  with 
about  t>nce  its  weight  of  nitrogen.  This  nitrogen,  though  ofieriug  no  chemi* 
cal  affinity  in  its  ascent,  plays  a  most  important  part  in  the  economy  of  the 
blast-furnace.  Heated  at  the  low  level  to  the  intense  tem]f>cratnre  then 
prevaihng,  it  acts  throughout  its  ascent,  as  a  medium  for  equalizing  the  teii- 
perature.  At  the  flrst  reduction,  tiie  conversion  of  tiie  carbonic  acid  into  ca^ 
bonic  oxide,  and  the  large  store  of  heat  in  tiie  nitrogen,  is  drawn  upon*  to 
supply  the  larger  poi*tion  of  tiie  diflerence  tiiat  otherwise  would  take  place. 
In  the  subsequent  charges  to  tiie  tiiroat,  tiie  nitrogen  is  called  upon  to  yield 
up  other  portions  of  the  heat  which  it  absorbed  at  tiie  low  level. 

The  heat,  rendered  latent  by  so  much  carbonic  oxide  as  unites  intb 
the  oxygen  of  tiie  ore,  is  recovered  again  in  tiie  formation  of  carboDic  aad; 
therefore  a  temporary  depression  only  is  created  by  this  portion  of  carbostf 
oxide. 
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Temperature  in  the  Blast-furnace, 

The  BeavUi. — ^In  this  part  of  tlie  furnace,  it  must  be  ob^-ious  tlint  tlic 
maximum  temperature  will  be  mutually  depeudent  outlie  blast,  fuel,  and  fucili- 
ties  for  absorbing  tlio  heat  developed.    AVitli  the  required  volume  and  density 
of  blast,  according  to  the  amount  of  fuel,  tlie  production  of  a  low  or  lii^h  tem- 
'  peraturc,  up  to  the  highest  temperature  attainable  \Wth  atmospheric  air,  will 
I  be  .solely  dependent  on  tlie  facilities  afforded  for  its  nbsori)tion.     The  ore  and 
'  flux  arc  the  materials  which  sliould  absorb  tlie  heat  developed ;  aceoi*ding, 
tlien,  to  the  proportion  wliich  tliey  bear  to  the  heat  evolved,  will  the  tem- 
perature be  high  or  low.    If  the  ore  and  flux  arc  in  excess,  tlie  rapid  manner  in 
which  they  absorb  the  quantity  of  available  caloric,  results  in  a  low  tempera- 
ture ;  on  Uie  other  hand,  when  the}'  arc  small  in  quantity,  tlie  caloric  evolved 
accimiiilates,  and  the  materials  naturally  acquire  a  hi^lier  tempei*ature  from 
inability  to  absorb  the  whole  of  tlie  caloric,  at  tlic  low  tcmpcratui*e. 

By  heating  the  blast  before  its  admission  to  tlic  furnace,  a  quantity  of 
caloric  is  directly  communicated,  in  addition  to  tliat  ])roduced  by  combustion 
of  fuel  within  the  blast-furnace ;  the  excess  of  caloric  thus  thrown  into  tlie 
furnace,  results  in  a  direct  accession  of  temperature,  until  the  additional  caloric 
absorbed  by  the  materials  is  equal  to  that  communicated  by  the  heated  blast. 
It  must  be  borne  in  mind,  however,  that  tlie  accession  of  temperature  by  the 
keatcd  blast,  over  that  residting  from  the  cold  blast,  is  entirely  dependent  on 
the  maintenance  of  the  foiiner  relation  of  blast,  to  fuel  in  tlie  furnace.  If  the 
fuel  burden  is  dinunished  in  greater  ratio  than  the  increased  quantity  of  heat 
communicated  by  tlie  heated  blast,  the  lesser  quantity  of  caloric  in  the  hearth 
of  the  furnace  results  in  the  prevalence  of  a  lower  temperature.  Li  tlie  supc- 
lior  regions  of  the  fiuiiace,  tlie  use  of  heated  air,  with  its  accompanyii)<j:  reduc- 
tion of  fuel-burden,  results  in  a  permanent  reduction  of  temperature  compared 
nith  that  in  tlie  cold-blast  furnace,  while  Uie  gradations  from  zone  to  zone 
are  more  abrupt.  The  lesser  quantity  of  air  thro\ni  into  the  hot-blast  fur- 
imce,  relatively  to  tlic  ore  and  flux,  results  in  a  proi>ortionately  smaller  quan- 
tity of  nitrogen  being  heated  in  tlie  hearth ;  and  tlie  volume  of  gases  through- 
out, is  similarly  reduced.  Consequent  on  tliis  diminution  of  hot  <iases,  in 
proportion  to  the  quantity  of  ore  and  flux,  the  ascenduig  cuirent  is  more 
rapidly  deprived  of  its  caloric,  and  escapes  at  tlie  throat  at  a  very  much  lower 
teniperature  than  in  cold-blast  furnaces.  The  lesser  quantity  of  nitrogen  is 
also  seen  to  be  prejudicial,  inasmuch  as  it  is  less  able  to  compensate  for  tlie 
diminution  of  temperature  which  follows  on  the  conversion  of  carbonic  acid 
into  carbonic  oxide. 

This  general  inferiority  of  temperature  is  borne  out  by  direct  exx)eriment 
in  the  throat  of  fiimaces  of  both  descriptions. 

A  common  and  very  prevalent  error  is  to  suppose,  tliat  the  mere  heating 
of  the  air,  results  in  an  accession  of  temperature  in  tlie  blast-furnace,  Avithout 
lefexence  to  the  fuel  which  may  be  consumed  tlierein,  or  tlie  quantities  of 
blast  delivered  for  its  combustion.    Were  this  the  case,  hot-blast  furnaces 
I  would  invariably  produce  gray  iron,  with  a  cinder  nearly  devoid  of  oxide  of 
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irou — tho  invariable  products  of  a  high  temperature  and  diymatedals;  bat  it 
is  well  known  that  such  furnaces  more  often  produce  white  iron,  and  Bcoonig 
cinder,  tlie  usual  attendants  on  a  cold  furnace. 

Disposal  of  Heat  in  the  BhuUfumaee. 

The  carbon  of  the  fuel  used  in  the  blast fhmace,  is  ▼arioaaly  ocmsomed: 
a  portion — by  very  much  the  largest,  indeed — ^is  expended  in  generatiiigAe 
higli  tcinpcraturo  of  the  hearth ;  a  second  portion  is  consumed  in  effediBg 
the  deoxidatiou  of  the  ore ;  wliile  a  third  and  smaller  portion  combines  ifrithAe 
metal  as  carburet.  Tlie  quantity  combining  with  the  metal  may  be  taken  h 
averagin*;  :)  per  cent,  of  its  composition,  or  07'2  lbs.  per  ton  dt  crude  iroB. 
The  quantity  absolutely  required  for  tlie  deoxidation  of  the  ore  is  deteimiDed 
by  tlio  quantity  of  oxygen  in  combination  with  the  latter.  Assuming  the  on 
to  have  been  calcined,  Uio  metal  will  exist  as  peroxide;  or  for  22401b8.ofini. 
there  will  be  IKiO  lbs.  of  oxygen.  To  convert  this  into  carbonic  acid  reqinm 
a  consumption  of  8(i0  ll>s.  of  carbon  :  added  to  the  previous  quantity,  i  totel 
of  427  lbs.  }ias  to  be  deducted  from  tho  consumption  of  fuel  for  the  cuto 
tlius  absorbod. 

The  avcmgc  consumption  of  coke  may  be  estimated  at  82  cwts.,  equal  to 
30  c\N'ts.  of  pure  carbon:  deducting 427 lbs.  from  this,  there  remain  29.^^ lbs. 
available  for  fusing  the  ore.  and  ilux,  and  as  compensation  for  loss  in  varioos 
wavs. 

By  experiment,  it  appears  that  the  fusion,  to  perfect  liquidity,  of  ^  tons  of  ' 
material,  iu  tlic  proportion  of  1  ton  of  iron  and  2  tons  of  cinder,  det^nnioes  ; 
the  absoq)tinn  of  an  amount  of  caloiic,  equal  to  that  evolved  during  the  con- 
version of  .'»H(i  11)3.  of  carbon  into  carbonic  acid.  The  carbonic  acid  absorbs  a  ■ 
similar  amount  of  carbon  during  its  reduction  to  carbonic  oxide  ;  but,  as  credit  i 
has  previously  b(?cn  tiikcn  for  8(U)  lbs.  thus  consumed,  Uicrc  remains  onlj  1 
20  lbs.  to  add  to  Die  .SHO  as  the  quantity  carried  off  by  the  heat  of  the  hqnid  i 
products  undonioath.  A  furtlier  consumption  of  lieat  occurs  in  the  upper  I 
part  of  tlie  furnace,  tliroup;h  the  evolution  of  tlie  carbonic  acid  of  the  limestone. 
Estimatin<(  the  consumption  of  limestone  at  15  cwts.,  tlie  carl>onic  acid  liberated 
will  amount  to  about  OJ  cwts.,  whicliis  accomplished  by  tlio  heat  of  45  lbs.  of 
carbon,  burnt  to  carbonic  oxide.  Hence  tlie  total  consimiption  of  carbon 
under  these  heads,  amounts  to.H72  lbs.  Tbis  represents  the  total  amount  of 
carbon,  utilized  out  of  a  consumption  of  'i'iOO  lbs.,  lea^dng  a  loss  of  2488 lbs. 
to  be  accounted  for.  lladiatiou  Irom  the  interior,  escape  of  gases  at  the  tuyeres, 
and  heat  abstracted  by  the  water  circulating  in  the  tuyeres :  all  these  diminish, 
to  a  proportionate  extent,  iX\e  eHcctivo  quantity  of  carbon,  the  aggregate  loss 
from  these  circumstances  being  imder  100  lbs. ;  but  tho  great  bulk,  exceeding 
twotliirds  of  the  quantity  thro^^-n  into  tlie  furnace,  is  utterly  lost  at  the  throat  ' 

The  medium  in  wliich  it  escapes  are  the  gases  issuing  in  large  quantity  fxom  \ 
the  throat  at  a  high  temperature.    It  has  been  stated,  that  while  the  product  \ 
of  molten  iron  and  cinder  from  tlie  bottom  weigh  but  3  tons  for  1  ton  of  iron, 
the  gases  escaping  at  top  weigh  10  tons.      After  carefully  comparing  the 
lugh  specific  heat  of  these,  it  is  mamfest  that  to  elevate  them  to  the  tempera- 
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tare  of  the  throat,  a  quantify  of  heat  is  absorbed  nearly  equal  to  tb;it  }4eLlcd 
by  the  combustion  of  the  2488  lbs.  of  carbon  othenv-ise  unaccounted  for.     The 
snpciior  capacity  of  gases  for  caloric  has  been  overlooked  in  tlio  economicsil 
trran^ement  of  the  furnace,  and  enormons  quantities  of  fuel  are  tlius  con- 
stantly being  dissipated  in  the  ga.seous  products  liberated  into  the  atmosphere. 
The  loss  from  this  cause  explains  the  superior  economy  of  fuel  in  wide- 
throat  furnaces.    The  blast-furnaces  of  Scotland  of  a  former  date  li>id  verv 
narrow  throats,  and  consumed  large  quantities  of  fuel  compared  with  tlic 
wotk  done ;  at  the  same  period,  furnaces  in  South  Wales,  having  companitively 
wide  throats,  were  worked  with  less  than  one-half  the  amount  of  carbon  con- 
lomed  in  the  Scotch  furnaces.    The  beneficial  elTects  resulting  from  large 
throats  have  lately  been  made  apparent  in  other  districts ;  and  a  very  general 
enlargement  of  this  part  has  taken  place  Avitliin  the  last  few  years,  followed 
.  in  every  case  by  a  corresponding  economy  of  fuel.    The  large  throat  diiiiin- 
iflihes  the  consumption  of  fuel  in  two  ways  : — Istly,  by  oifering  a  larger  mass 
of  material  for  absorbing  the  available  heat  of  the  ascending  gases ; — '^ndl\', 
bv  reducing  the  temperature  of  the  gases  for  a  short  distance  below  the  top, 
they  exercise  a  less  destructive  influence  on  tlio  fuel  in  the  throat.    The 
immense  volume  of  gases  rushes  through  tlie  materials  in  this  region  with  a 
Xfhdty  ranging  up  to  200  feet  i>er  second.    By  extending  the  width  still 
fiirther,  the  reduction  may  be  lowered  to  half  the  present  consmnption,  and 
yet  leave  a  suri>lus  of  heat  for  all  the  requirements  of  tlie  furnace. 

Since  the  publication  of  his  largo  work,  wherein  tlio  author  entered  into 
nomerous  details  on  this  subject,  several  furnaces  have  been  erected  with  the 
iof  13  and  14  feet  diameter.  The  extraordinary  performance  of  tlicse  will 
pofaaps  eventually  lead  to  the  adoption  of  his  other  ^'icws  in  regard  to  the 
eoonomy  of  fnel  attainable  by  a  proper  construction  of  furnace. 

By  some  authorities,  the  cool  top  is  held  to  be  disadvantageous,  inasmuch 
ss  it  determines  the  expulsion  of  the  carbonic  acid  of  the  limestone  at  too 
great  a  depth  in  the  furnace,  and  renders  latent  a  considerable  quaTitity  of 
heat  at  a  low  level.  This  objection,  however,  docs  not  occur  in  practice,  for 
titer  descending  through  the  upper  layers  of  mateiial,  the  temperature  of  tlie 
two  furnaces  is  nearly  similar.  Tlie  present  high  temperature  in  that  portion 
of  the  fomace  is  altogether  unnecessary  to  the  chemical  changes  which  should 
there  take  place.  The  carbonic  acid  of  the  limestone  is  expelled  at  a  much 
lower  temperature ;  while  the  abstraction  of  the  first  equivalent  of  oxygen 
from  the  ore  takes  place  very  rapidly  under  the  dullest  red  heat.  The  best 
argument,  however,  that  can  be  adduced  in  favour  of  the  correctness  of  the 
views  ftrst  advanced  by  the  author,  is  the  large  increase  in  this  part  of  the 
fomace  which  has  already  taken  place  without  injury  to  the  operations.  At 
the  commencement  of  the  present  century,  the  majority  of  tho  furnaces  of 
South  Stafibrdsliiro  had  throats  under  36  inches  across  :  now  8  feet  are  not 
imnsnal  dimensions ;  yet  with  this  increase  from  an  area  of  9  to  64  feet,  more 
than  7  times  the  former  area,  there  has  been  no  difficulty  in  working  the  fur- 
naces, but  the  reverse ;  while  the  economy  of  fuel  attending  the  alteration  has 
been  very  great. 
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A  difliciilty  of  filli»<;  hns  l>cen  urged  against  nidc-throat  fnmaces ;  but  inth 
a  coiTesp(uulin<^  iucroasc  in  tlic  uumber  of  charging  places,  or,  what  is  better, 
by  filling  with  the  shovel,  the  materials  maj  be  distributed  over  the  iutenar 
^nth  the  <^a*eulost  regularity.  Tho  supposed  difficulty  of  filling  has  ever  been 
adducod  as  n  reason  n^^aiHst  any  enlargement ;  ncYoiilicless,  the  throat  his 
increased  from  8  to  8  feet,  and  witliin  tlie  present  year  to  13  and  14  feet 
without  injury  to  the  working  of  tlic  furnace.  In  the  case  of  tlie  American 
cliareoal  fuiiiaees  a  siniiloi*  dread  exists  against  any  alteration ;  and  the 
consumption  of  fuel  is  proportionately  large.  ' 

In  connection  witli  tliis  subject,  it  may  be  remarked  that  there  is  no  rela- 
tion between  tlio  consumption  of  fuel  and  tlie  economical  products  obtained. 
The  quantity  of  fuel  required  to  produce  a  ton  of  crude  iron,  Muies  not  only 
in  diir<'rent  distiiets,  but  in  diAerent  works  in  tlio  same  district ;  and  not  un- 
frcquently  a  considerable  ditference  is  observed  in  the  furnaces  of  the  Fame  > 
linn.  The  richness  or  poverty  of  the  ore,  also  tJie  quality  and  quanti^^  of  the 
flux.  tli(>i><^h  resulting  in  a  less  or  gieater  quantity  of  matter  for  fusion,  are 
circuinstances  which  have  no  perceptible  influence  on  the.  consumption  d  . 
fuel.  U  he  leanest  ores  of  South  ^Vales  arc  smelted  with  nearly  as  great 
economy  of  fuel  ns  the  richest.  Clearly  the  heat  yielded  by  the  fuel  ia  for 
the  pui-jxjse  of  liquclyin;.;  the  ore  an<l  Ihix  ;  and  the  amount  of  tlicse  deter- 
mines the  quantity  of  fiul  utilized  f«>r  that  purix">sc.  Tlic  consideration  of 
the  manner  in  which  the  lioat  dcveloj'cd  is  disposed  of,  accounts  for  the  httk 
influence  exercised  by  the  ciuantity  of  liquid  products  on  the  yield  of  fuel.  It 
Ls  seen  tliat  the  caloric  absorl.jed  by  each  t(>n  of  molten  matter  is  represented 
bv  the  heat  obtained  fnni  l:>Oll)s.  of  carbon.  Hence  tlie  variation  in  the 
yield  of  fuel,  consequent  on  the  change  from  a  rich  to  a  poor  ore,  or  riccvtrM, 
can  scarctly  be  more  than  twice  this  quantity,  or  260  lbs.  of  carl)on  for 
each  ton  of  li(piid  material  obtained.  Tlie  fact  tliat  this  slight  increase  in 
the  quantity  of  fuel  suflices  in  practice  to  melt  an  additional  ton  of  matter, 
denionslrates  the  correctness  of  these  views  regarding  the  great  loss  of  heat 
iji  the  common  blast  furnace. 

A  smaller  quantity  of  fuel  is  used  w  hen  heated  air  is  employed,  though, 
after  deducting  the  quantity  used  in  the  heating-stoves,  the  reductiC'U  is  not 
very  considenible.  Until  recently-,  the  most  erroneous  ideas  prevailed  resi)ect- 
ing  tlie  ecrononiy  of  fuel  by  the  use  of  heated  air.  In  scvei*al  instances  it  has 
been  stated,  that  by  its  use  aluue  the  consumption  has  been  reduced  ii'(»m  t* 
to  2  tons,  per  ton  of  j^ig  iron  produred ;  at  the  same  time  it  is  known  to  i»itic- 
tical  men,  that  in  tlio  present  blast-funiaces  the  amount  ecoiiomLsed  is  at 
the  outside  scarcely  b  cwts.,  and  verv'  many  furnaces  are  now  working  with 
cold  air,  with  greater  ec(moniy  of  fuel  than  otliers  using  heated  air.  This 
discrepancy  in  the  results,  from  an  invention  wliich  is  largely  used  on  tlie  Con- 
tinent, as  well  OS  in  the  United  States,  has  been  vajiously  accounted  for. 

In  Scotland,  where  the  use  of  heated  air  at  one  tunc  effected  a  large  dinu- 
nution  in  tlie  consmnption  of  fuel,  nmounting,  according  to  several  iwiters,  to 
some  tons  for  every  ton  of  iron  made,  the  furnaces  are  now  frequently  blown 
for  short  periods  with  cold  air,  with  an  increased  consumption  of  fuel  of  no 
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tlian  0  c^vts.  per  ton  over  that  consumed  with  heated  air.  This  altera- 
in  the  benefits  accruing  from  heated  air  evidently  arises  from  the  succes- 
improvements  in  smelting  made  in  that  country,  by  which  it  has  attained 
arly  as  great  proficiency  as  other  parts  of  tlie  United  Kingdom, 
lie  cause  of  the  8a>'ing  of  5  cwts.  of  fuel  by  the  use  of  heated  ah*,  is  seen 
e  altered  circiunstances  in  which  the  products  of  combustion  escape  into 
tmosphcre.  The  heat  is  imparted  to  the  blast  in  tlie  stove-pipes  ^ntli  a 
I  waste  of  caloric,  for  the  products  escape  from  the  chimney  of  the  stove 
a  temperature  less  by  one-half  than  tlie  temperature  of  tlie  throat  of  the 
blast  furnace.  The  diminished  loss  of  caloric  in  tliis  way,  and  the  less 
uctive  influence  exercised  by  tlie  smaller  current  of  gases  on  tlie  heated 
results  in  the  loss  of  heat  being  proportionately  less. 

The  Ofiseoiis  Current  in  Blast-furnaces. 

esearches  into  tlie  composition  of  the  gases  in  English,  German,  and 
ch  furnaces  have  been  made ;  but  the  results  are  so  widely  different,  tliat 
very  doubtful  if  they  correctly  represent  the  chemical  changes  taking 
in  the  interior.  The  nitrogen  of  the  atmosphere  appears  to  ascend  iin- 
upon,  and  consequently  affords  a  ready  standard  for  measuring  tJie 
tions  in  the  quantities  of  the  other  gases.  The  oxygen  in  the  escaping 
,  for  instance,  is  derived  from  the  blast  entering  at  tlie  tuyeres,  increased 
ascent  by  as  much  as  enters  with  the  oxide  of  iron  and  carbonate  of 
at  top.  On  referring  to  the  chemical  changes  which  occur  to  the  ore,  it 
n  that  the  quantity  of  oxygen  in  the  current,  relatively  to  that  of  nitro- 
is  necessarily  increased  on  arming  at  tJio  surface  of  tlic  materials.  The 
Lsh  experiments,  however,  do  not  exhibit  that  regularity  in  tlio  increase 
I  occnra  in  practice.  The  varying  proportion  of  oxygen  to  nitrogen  in 
scending  column,  appears  to  have  been  as  follows  in  Messrs.  Bunsen  and 
air's  exi)eriment  with  the  Alfreton  furnace : — 


Depth  from  top. 

Nitrogen. 

Oxygen. 

0  feot    ....       T7-0      .     .     . 

32-9 

8    „ 

770       .     .     ^ 

31-3 

11    , 

770       .     .     . 

351 

u  , 

770       .     .     . 

32-9 

17 

770       .     .     .     . 

34-5 

20 

770       .     .     .     . 

29-8 

2.3 

770       .     .     . 

300 

21    , 

770       .     .     . 

30-3 

34    , 

770       .     .     . 

28-4 

Ast  depth  was  2  or  3  feet  above  the  tuyere.  To  accord  >nth  the  known 
$68  in  the  ore  and  flux,  tlie  quantity  of  oxygen  should  have  exhibited  an 
ise  in  each  line  in  an  ascending  series.  The  difficulties  attending  the 
Irawal  from  the  centre  of  the  fiimacc  of  gas  in  sufficient  volume  for 
ination*  was  probably  the  cause  of  tliese  discrepancies,  and  must  con- 
a  serious  obstacle  to  more  accurate  determinations. 


m\ 
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Tlic  results  of  tlie  cxpeiimcnts  mnde  in  France  are  more  in  accordanee 
^vitli  oUicr  resenrches  on  the  chemical  changes  produced  by  gases  ont  of  the 
blast-funmcc.  Objection,  Iiowever,  has  been  taken  to  their  correctness,  espe- 
cially to  the  method  pursued  in  analyzing  the  coUected  gases.  At  successive 
depths  in  tlie  furnace,  tlie  proportion  of  oxygen  to  nitrogen,  in  the  ascending 
gases,  was — 

Nitrogen.  Oxygen. 

770  ....  86-3 

770  ....  38-2 

77  0  ....  37-8 

770  ....  340 

770  ....  270 


Depth  from  top. 

00  feet.     . 

4-3 

8-7 
131 
17-4 


II 


i» 


»» 


It 


II 


180 

Above  tuyere  . 


770 
770 


24-5 
22-tt 


Here  the  increase  in  the  quantity  of  oxygen  corresponds  vrith  the  levels  at 
w'liich  the  ore  is  deprived  of  this  constituent.  In  the  first  three  lines  ascend- 
ing, the  increase'of  oxygen  is  small — ^from  220 to  24*5;  and  from  24*5  to  27f» 
represents  nearly  tlio  quantity  accruing  from  the  last  and  second  equivalent 
of  oxygen.  Ascending  still  higher,  tlie  increase  to  340,  and  finally  to  36'2, 
is  due  to  the  abstraction  cf  the  first  equivalent  of  oxygen  from  tlie  ore,  the 
large  influx  of  carbonic  acid  from  the  flux,  and  the  moisture  entering  m\h 
the  fuel  and  ore. 

The  occurrence  of  caibonic  oxide — a  combustible  gas,  escaping  in  con 
siderable  quantity  witli  otlier  gases  from  some  blast-furnaces — ^has  resulted  in 
numerous  attempts  to  apply  it  to  heating  purposes,  but  hitherto  with  Uttle 
success.  The  gases  havo  been  applied  to  raising  steam,  heating  the  air,  cal- 
cining the  ore,  and  otlier  operations  requiring  a  low  heat.  Theoretically,  the 
carbonic  oxide  should  yield  a  large  quantity  of  heat  on  combustion  witli 
atmospheric  air ;  but  owing  to  the  comparatively  large  amount  of  nitrogen 
which  has  to  be  heated  along  "vsitli  it,  tlie  available  caloric  scarcely  exceeds 
tlie  sensible  heat  of  the  gases  at  their  escape  from  the  top  of  the  funiace. 

Tlie  propriety  of  interfering  with  tlie  gases  at  all  is  now  very  much  ques- 
tioned ;  and  cu'cumstances  seem  to  warrant  the  conclusion,  tliat  carbonic  oude 
in  considerable  quantity  in  the  escaping  gas  indicates  defects  which  suggest 
remedial  measures  for  overcoming  them,  rather  than  the  endeavour  to  turn 
the  carbonic  oxide  to  account  as  a  fuel.  It  is  observed,  that  furnaces  work 
ing  ^^ii\l  gi-eat  economy  of  fuel  discharge  very  small  quantities  of  this  gas ; 
while  others  of  a  more  imperfect  construction,  and  consuming  large  quantities 
of  fuel,  in  proportion  to  tlie  work  done,  discharge  nearly  the  whole  of  the 
carbon  consumed,  combined  with  the  oxygen  as  carbonic  oxide.  Even  the 
carbonic  acid  of  the  hmestone,  in  passing  through  the  highly-heated  fuel  in 
the  throat,  is  converted  into  carbonic  oxide. 

On  the  Continent,  and  in  the  North  American  States,  the  gases  are  veiy 
generally  controlled  and  utilized  in  various  ways :  yet  is  the  consumption  of 
fuel  higher  than  in  tliis  country,  notwithstanding  the  superior  richness  of  the 


PBODUCE   OF  A   BLAST-FUBNACE.  197 

foreign  ore,  and  the  small  quantity  of  flux  used.  In  the  South  Staffordshire 
district,  all  attempts  to  control  the  issuing  of  tlio  gases  have  resulted  in  in- 
jurious disturbances  on  the  furnace,  to  such  an  extent  as  to  lead  to  an  imme- 
diate return  to  the  former  method  of  working.  Numerous  experimental  trials 
have  been  made,  all  of  which,  with  but  one  exception,  have  resulted  in 
serious  loss ;  and  scarcely  greater  progress  appears  to  have  been  made  in 
other  districts. 

Quantity  o/Metdl  obtained  from  a  Blast-furnace. 

Tlic  make  or  quantity  of  iron  resulting  from  a  blast  furnace,  is  principally 
dependent  on  the  quantity  of  blast  dehvered  into  it,  and  tlic  relative  i)ropor- 
tions  of  ore  and  flux  to  fuel.  AVitli  a  fixed  burden  of  fuel  relatively  to  tiiat 
of  ore  and  flux,  the  make  will  be  proportional  to  tlie  quantity  of  blast  delivered, 
without  reference  to  its  temperature.  On  the  otlicr  hand,  witli  a  fixed  volume 
of  blast,  the  make  will  be  inversely  as  the  quantity  of  fuel  to  ore  and  flux, 
wiUiin  the  limits  of  fluidity. 

The  descending  column  of  sohds,  in  the  interior  of  a  blast-furnace,  con- 
sists of  ore,  flux,  and  fuel,  in  suitable  proportions ;  and  though  composed  of 
ingredients  of  different  density,  yet,  by  tlieir  admixture  at  top,  they  descend 
en  masse  to  the  bottom.  The  descent  of  tliis  column  is  determined  by  tlio 
rapidity  or  slowness  witli  which  the  fuel  is  consumed :  since  tliis  is  effected 
by  the  oxygen  of  the  blast,  the  quantity  admitted  regulates  the  descent.  By 
diminishing  tlie  proportion  of  fiiel  in  the  column,  the  descent  is  accelerated, 
in  consequence  of  the  blast  effecting  the  combustion  of  tlie  same  quantity  of 
fuel  as  previously.  Under  such  circumstances,  the  mnke  may  be  diminished 
at  pleasure,  by  diminishing  the  quantity  of  blast,  or  increasing  the  proportion 
of  fuel  to  ore  and  flux ;  by  the  reverse  of  this  it  may  be  increased  to  the 
highest  quantity  compatible  vdih  the  production  of  a  sufficient  amount  of 
heat  to  maintain  perfect  fluidity. 

These  considerations  demonstrate  the  incorrectness  of  the  opinion  that  a 
mere  heating  of  the  blast  results  in  an  augmented  make.  It  is  obvious  tliat 
to  attain  the  increase,  the  quantity  of  fuel  must  be  reduced.  The  heated  blast 
contains  only  the  same  quantity  of  oxygen  as  when  cold ;  and  it  is  clearly  im- 
possible that  it  can  of  itself  accelerate  the  descent  of  the  column,  or  other- 
wise influence  the  production  of  iron,  so  loDg  as  the  latter  remains  liquid. 

Quantity  and  Pressure  of  Blast. 
The  quantity  of  blast  is  determined  by  the  capabihties  of  tlie  furnace  and 
the  kind  of  iron  souglit  to  be  obtained.  If  the  furnace  is  of  the  largest  class, 
provision  should  bo  made  for  a  quantity  up  to  14,000  cubic  feet  of  air  per 
minute.  The  more  rapidly  the  gases  ascend  the  furnace,  the  whiter  tlie  ii-on. 
With  white  iron  they  pass  tlirough  the  furnace  in  three  or  four  seconds ;  ^rith 
gray  in  ten  or  twelve  seconds.  When  it  is  desired  to  produce  gi-ay  iron,  a 
smaller  volume  of  blast  is  employed,  along  with  an  increased  burden  of  fuel ; 
this  eaoMS  the  eolumn  to  descend  more  slowly.  But  the  employment  of  a 
suiBciently  ledaoed  volume  of  blast  will  of  itself  cause  a  change  in  quality 
fr(Hn  white  to  gray*  'with  a  corresponding  reduction  in  the  make  of  '^i^-iioTi,      \ 
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The  pressure  of  blast  best  suited  to  the  rcqoircmentB  of  the  furnace  is 
(Icpciulciit  on  circumstances,  to  which  great  attention  shonld  l)e  paid.  The 
fii*Ht  of  tliem  is  the  v.idth  of  the  hearth.  The  diameter  of  tlie  furnace  at  tliis 
place  beiiifv  iixed,  the  pressure  of  the  bkst  has  to  be  such  that  it  may  ly&ic- 
tnitc  the  full  extent  of  the  mass  of  material ;  supplying  oxygen  to  all  thefoei 
on  a  level  with  the  tuyere.  AVith  narrow  hearths  a  low  pressure  suffices,  bat 
wide  hoailha  require  a  liigh  pressure. 

'J'lie  dcusity  of  the  fuel  also  influences  tlie  prcssiurc  of  tlie  blast.     Fuel  of 
a  liiw  spccilic  •^•avity  cannot  be  worked  witli  a  dense  blast  in  narrow  hearths; 
Avhilc  fu<'ls  of  a  denser  description  requii-o  the  strongest  blasts  attainable.  ; 
The  lightest  fuel  used  in  smelting  i.s  charcoal,  which  is  wi'ouglit  \iith  blasL*^  ' 
whose  ])n)ssure  is  about  half  a  poimd  to  the  square  inch.    With  this  low 
])r<>ssur(*  an  intense  heat  is  obtained,  because  tlic  large  surface  which  the  i 
charcoal  exposes  to  the  oxy«;cn  of  the  blast,  is  cmmcntly  favourable  to  rapid  ' 
combustion.     Anthi-acito,  on  the  otlier  hand,  is  the  most  dense  fuel  used  in  ; 
smelt in<:.  and  demands  a  strong  blast  in  order  to  bring  the  oxygen  and  carbou  . 
into  contiK't  with  suflicient  rapidity.  | 

The  density  i»f  the  fuel  also  determines  principally  tlie  width  of  tho 
hearth  ;  it  also,  to  a  c«itain  extent,  delt.nnines  that  of  the  furnace.  Chnivutl 
can  only  be  i»rolitaMy  onipln\'ed  in  veiy  nan*ow  hcaiihs :  too  weak  to  suppurtt:  ' 
strouf'  blast,  the  breadth  is  iiecessarilv  limited  io  tho  ran^fe  of  the  weal;  bln>>i  j 
employed.  The  iTossure  and  volume  of  the  blast  is  likewise  inlhienci'd  bv  ! 
the  li<;htness  of  cliarc(»al,  coniiiared  with  the  ore  and  Ihix.  This  cux-iin:-  | 
stnnce  necessitates  a  due  repud  bcinj(  paid  to  the  velocity  (.»f  the  ascL-mlii:?  \ 
f^ases,  the  )>ressure  of  which  in  the  naiTow  heai-th  may  exceed  the  ^^Tavitatiiii!  i 
influence  of  the  light  charcoal,  and  i)revent  its  regular  descent  to  the  tuYere. 


Qufilitff  of  the  Crude  Iron, 

The  connnercial  quality  of  the  cnule  iron  reduced  in  the  hearth  of  the  ; 
furnace,  is  indicated  with  considerable  accuracy  by  the  cinder  which  llows 
over  the  dam-stone.  Furnaces  burdened  with  the  carbonates  of  tho  cod  ; 
measures,  when  working  well,  yield  a  cinder  havinj^  a  stony-gray  fracture  i 
in  tho  interior,  and  a  deep  brown  vitreous  appearance  extern jUly.  Occasion-  ■ 
ally  the  prcsen<'e  of  pnrti^uliir  oxides  produces  various  shades,  between  gi"»iy 
and  azure  blue,  in  the  interior.  Tlie  f^iay  cinder  usually  indicates  metal  of  a 
superior  quality;  numbered  1,  '2,  or  :^.  Cinders  of  a  colour  brown  in  the 
interior,  and  blackish -brown  outside,  generally  accompany  iron  of  a  lower 
quality,  mottled  or  white  ;  while  such  cinders  as  are  of  a  black  colour  thnaiph- 
(mt,  invariably  accompany  iron  of  the  lowest  quahty.  These  ai-c  technically 
termed  "  scouring  cinders,"  and  contain  a  large  quantity  of  oxide  of  iron,  in- 
dicating a  cold  unhealtliy  condition  in  the  great  laborattay  of  tlio  blast-funiace 
If  allowed  to  flow  for  a  considerable  time,  they  injure  in-eparably  the  brick 
work  of  the  boslies  and  hearth ;  and  by  cooling  the  interior,  endanger  the 
safety  of  the  furnace.  Gray  cinders  sometimes  flow  witli  a  white  iron  buiden : 
but  their   constant  production    under   such   cu-cumstances  requires  grcai 
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mtion,  dry  materials,  and  a  favourable  furnace.  An  excessive  burden  of 
is  invariably  accompanied  witli  wliite  iron  aud  scouring  cinder. 
In  the  castingbed,  the  quality  is  shown  very  correctly  by  the  surface  of 
bars  of  pig-iron,  technically  termed  '*  pigs."  The  gray  aud  superior 
iities  present  a  smooth  round  face,  and  maintain  their  fluidity,  so  as  to  run 
)  thin  sheets ;  the  lowest  qualities  have  a  rougli,  pitted,  concave  surface, 
I  run  thick  and  sluggishly. 

The  chemical  composition  of  the  iron  and  cinder  produced  by  a  blast- 
aace,  is  dependent  on  the  composition  of  the  ore,  fuel,  aud  ilux,  aud,  to  a 
ying  degree,  on  the  metliod  of  reduction  pursued,  aud  whctlicr  by  a  hot  or 
i  blast,  or  by  a  controlled  or  uncontrolled  escape  of  the  gasjous  product 
^p.  Probably  amongst  these  iutluences,  the  quality  of  the  ore  is  greatest, 
e  carbon,  a  powerful  and  invariable  contamination  in  iron,  varies  witli  the 
de  of  working  and  the  quantity  of  fuel  consumed,  increasing  nearly  in  the 
ae  ratio  as  the  consumption  of  fuel.  The  analyses  of  three  samples  of  cast 
Q  will  show  very  clearly  the  composition  of  the  crude-iron  of  the  blast- 
nace. 


A 

B 

C 

Iron    .     .    .     . 

.     9.1-57     . 

.     89-75     . 

.     95618 

Silicon     .     .     . 

]  -30     . 

.       2-02     . 

1012 

Carbon    .     .     . 

206     . 

1-88     . 

1590 

Sulphur  .     .     . 
Phosphorus 
Manganese  .     . 
Calcium  .     .     . 

•09     .     . 
.  fiaint  traces 
1-36     . 
•60     . 

123     . 

162     . 

4-13     . 

'21      . 

•040 

•820 

V200 

•320 

Magnesium 

•11     .     . 

•05     . 

traces 

10009 


100-79 


101-200 


These  three  analyses  are  by  Mr  Crowder.  A  is  a  No.  1  foundry  iron, 
n  Merthyr  Tydfil ;  it  fairly  represents  the  average  character  of  the  Welsh 
Iblast  No.  1  foundry  irons,  smelted  from  the  best  local  ores,  without  any 
odxtnre  of  haematite,  and  with  due  regard  to  the  purity  of  tlie  fuel, 
md  C  are  white  forge-irons ;  the  first  from  a  furnace  in  the  Ebbw  Valley, 
I  the  second  from  the  Blaina  Valley,  in  Monmoutlisliire.  They  are 
rage  specimens  of  crude  iron  manufactured  with  heated  blast,  a  small 
den  of  flux,  and  a  mixed  ore  burden.  In  both  cases  the  furnaces  are 
»aght  with  the  top  closed,  for  the  purpose  of  collecting  and  utilizing  the 
which  remains  nnconsumed. 
The  dnder  accompanying  C,  when  analyzed,  gave  as  its  constituents ;  — 

SUica 50-50 

Lime lS-07 

Alumina 17*20 

Protoxide  of  iron     .     .  10*10 

Ditto  manganese      .    .  2*24 


\ 
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Magnesia 6.04 

Sulpliuric  acid    .     .    .         *27 
riiosphoric  acid  ...        '15 


98-67 

Pig  irons  generally  contain  silicon,  carbon,  and  caldnm  to  a  vamUe 
*  nmi^iiut,  along  ^\ith  small  quantities  of  oilier  ingredients.  The  causes  for 
tlic  i^rosence  of  silicon  arc  not  very  well  understood.  To  tlie  use  of  Le&ted 
oil*  nu  increase  of  it  has  been  attributed ;  but  on  reviewing  a  huge  number 
of  analyses  of  both  hot  and  cold  blasts,  it  seems  donbtfol  if  the  former  pro- 
duces an  important  increase  of  this  substance.  In  a  lai^  niunber  of  cold- 
blast  irons,  the  silicon  ranged  from  0*33  to  2*80 ;  while  in  similar  analyses  of 
lint  Must  irons,  its  presence  was  detected  in  quantities  varying  from  0'38  to 
:3'n()  per  cent.  The  variation  in  the  amount  has  also  been  explained  byt 
chemical  hyiK>tliesis ;  but  the  more  probable  cause  of  the  reduction  of  ffint 
or  silicii'  acid  to  metallic  silicon  is  inequality  of  temperature  in  the  hearth, 
arising  from  the  imperfect  mode  of  appl}*ing  tlie  blast.  The  points  supplied 
willi  an  excess  of  air  are  heated  sufficiently  to  reduce  the  silicon,  tliough  the 
aAcraj:jc  temperature  of  the  hearth  may  be  very  low. 

The  quantity  of  carbon  combined  ^ntli  tlie  iron  appears  to  be  dependent 
on  the  fuel,  and  on  the  rapidity  with  which  the  charge  descends,  as  well  as 
on  tlie  character  of  the  ore.  In  tlic  preceding  example,  the  gray  contains 
rallirr  more  tlian  the  white  iron;  but  tlie  reverse  of  this  sometimes  occurs. 
As  a  rule,  the  colour  of  the  **  pig  "affords  no  criterion  of  the  quantity  of 
carbon.  ^Vith  tlie  same  quantity,  tlie  iron  may  bo  eitlier  gray,  mottled,  or 
white.  Ores  of  an  open,  porous  description,  such  as  tlie  carbonates  of  the 
coal  measures  and  the  carbonaceous  ores  of  Scotland,  are  favourable  to  a 
hijrli  percentage  of  carbon  with  the  metal.  The  dense  hoE'matites  and  mng- 
iietic  oxides,  on  tlic  other  hand,  smelt  into  iron  having  a  minimum  per-centage 
of  carbon.  The  production  of  gray  iron  from  tliesc  ores  requires  that  they 
l»e  reduced  to  a  small  size,  so  as  to  increase  the  surface  exposed  to  the  action 
of  the  gaseous  carbon.  A  rajad  descent  of  the  cliarge,  which  affords  a  shorter 
period  for  the  action  of  the  gases,  appeal's  to  result  in  a  diminished  quantity 
of  cai'bon  in  the  iron. 

Calcium  appears  to  enter  into  the  composition  of  nearly  all  pig-irons,  and, 
from  comparison,  it  seems  less  vajiable  in  air ounttlian  tlie  otlier  ingredients, 
A  sample  of  cold  blast  white  iron,  with  a  liigh  yield  of  limestone  flux,  gave 
Oilo  per  cent,  of  calcium ;  while  a  hot  blast  white  iron  afforded  only  0*JOper 
cold;.,  being  the  smallest  quantity  observed.  Altliough  tlie  presence  of  cal- 
cium demonstrates  the  existence  of  a  slight  affinity  between  that  metal  and 
iron,  tlie  great  bulk  of  calcium  passes  into  tlie  slag  as  hme.  The  suggestion 
offered,  respecting  the  variable  amounts  of  silicon,  applies  also  to  the  calcium 
in  cast  irons ; — ^namely,  that  it  is  reduced  at  intensely  heated  points  of  the 
hearth,  while  other  parts  may  be  compai-atively  cold. 

Tlie  quantity  of  mognesia  reduced  to  tlie  metaUic  state  of  magnesium,  and 
entering  as  such  uito  the  composition  of  pig-iron,  is  small ;  by  comparison. 
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lioweYcr,  the  portion  reduced  appears  to  Lear  nearly  the  same  ratio  to  tlie 
quantity  entering  the  fiimace,  as  do  the  quantities  of  silicon  and  calcium, 
reduced  from  their  respective  oxides.  Hence,  its  presence  is  probably  due 
to  the  same  causes. 

Manganese,  when  present,  appears  to  enter  into  the  composition  of  ciiidc 
irons  to  a  larger  extent  than  either  of  the  foregoing  substances.  Most  of  the 
carbonates  contain  small  quantities  of  manganese  compounds,  which  appear 
to  be  partly  reduced,  the  resulting  manganese  ultimately  combining  with  the 
iron  in  the  lower  hearth.  In  the  case  of  the  analysis  uiunbered  B,  the  quan- 
tity of  manganese  is  unusually  large ;  a  circumstance  probably  owing  to  the 
mangauiferous  iron  ores  of  West  Somerset  being  largely  used  at  these  works. 
The  German  crude  irons  smelted  entirely  from  ores  of  tliis  class,  display  a 
proportionately  larger  admixture  of  manganese  up  to  8  per  cent. 

The  phosphorus  of  the  ore  appears  to  combine  with  the  iron,  passing, 
for  the  most  part,  into  the  crude  castkon,  but  to  a  small  extent  into  the 
cinder.  It  is  commonly  supposed  that  the  entire  quantity  of  phosphorio»acid 
of  the  ore,  is  found  in  the  crude  iron.  Analyses,  however,  demonstrate  that 
this  occurs  only  when  the  cinder  is  nearly  devoid  of  that  metal.  The  pro- 
portion which  the  quantity  entering  the  cinder  bears  to  the  whole,  is  in  tlie 
same  ratio  as  the  iron  in  the  cinder  is  to  the  quantity  of  u*on  entering  tlie 
furnace.  Scouring  cinders  generally  contain  notable  quantities  of  phos- 
phorus, a  circumstance  attributable  to  their  larger  percentage  of  iron.  The 
quantity  of  phosphorus  in  hot-blast  irons,  is  generally  greater  than  in  cold ; 
but  a  satisfactory  explanation  of  the  cause  has  not  appeared. 

Sulphur  forms  a  very  general  ingredient  in  the  composition  of  crude  iron. 
The  amount  varies  with  the  quaUty  of  the  fuel  and  ore,  as  also  ^nth  the  mode 
of  working ;  being  larger  in  hot  than  cold-blast  irons,  and  largest  of  all  in 
irons  produced  with  a  diminished  depth  of  mateiial  in  the  furnace,  as  in  the 
ease  of  appliances  for  the  utilizing  the  gaseous  products.  In  some  hot-blast 
furnaces,  wrought  on  this  system,  the  quantity  forms  nearly  2  per  cent.,  by 
weight,  of  the  iron.  The  sulphur  may,  in  most  cases,  be  considerably  dimi- 
nished by  using  an  excess  of  lime.  Common  salt  is  an  old  and  advantageous 
remedy  for  the  same  defect. 
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CHAPTER  XI. 


MOn.DINa   AKD   FOPNDISO. 


The  cniile  iron  of  (he  blut-fumacc  is  Tariouslj-  diiiposcd  of:  the  Lugeipor 

1  is  n^iplied  to  tlte  nioniifiLcturc  of  malleable  iruu,  while  the  remaiiidar 

lunvurk'd  ilirciTt  int.)  iuutunembia  articles  formcJ  of  CELSt-iraD.  Occaiion- 
ally,  tliu  stnelter  carried  on  the  fouadiu;;  budueaa  also ;  iii  whiiJi  case,  cast- 
iiigti  are  frequently  ninJo  by  runuing  tlie  mollen  iron  direct  from  the  bla^  | 
furua"<;  into  inoulili.     At  othcT  times,  the  crude  irou  is  ran  into  pigs  or  bin  I 

;onvciiiciit  si/^,  itllowcd  to  cool,  and  then  charged  into  other  fnmsces  dx  \ 
comeltin:^.  Thin  plan  allbrds  focilitics  for  exaioiuingtlie  quality  of  eacbpi£:e  1 
cbiuigtA,  iLiul  id  follun-ud  whenever  great  Bonndness  is  I 

required  in  Iho  ca.stiu<r3, — as  iu  llie  case  of  beaiy  girdei'j. 
beuiLis.  iind  framuw.ir!:  of  engines ;  for  hydrnulic  raias, 
and  xhiiiliir  works  rv'|uiring  uudoubhxl  slrouf^th. 

The  roniulting  fitruaci's  are  of  two  descriptions ; 
tochniciilly,  l]l(^y  arc  distingiiisliud  as  "  air-furnaces'' 

1  '■  cupolas."      Tlie  funiiur  arc  large  rcverberatoi'y 
furnaccK.  liiiilt  of  firc-briok.  Iiaving  a  lire-grate  at  ouo 
end,  from  whence  tlieprodiicLsof  eiiiubBsticmpoiisoTcr 
the  rbar;:e  on  to  tlie  tine.     The  lloor  of  the  central 
part  is  luitcle  Riopiug  to  the  divisional  briilgo.    At  its 
]iii;br>st  part,  tlie  eltui-jje  of  pigu  is  btid,  and  subjected 
to  the  intense  heat  retlucted  from  tim  fire-place  and      I 
roof,  until  fused ;  when  it  llon-a  over  tlie  refractory  sand      | 
liollum  ti  tlie  hearth.     The  drangbt  is  miuiitnined  by      j 
a  lofty  chimney,  bouiul  with  iron  hoops,  and  funushcd      j 
witli  a  retaliating  dnnipcr  ut  top,  ns  sliuwn  in  the  cu-     ^ 
mving. 

The  ilimonsions  of  Uio  furnaces  aro 
rop4irtioiied  to  tlie  magnitude  of  tlio 
Work   generally   performed    in    tliem, 

iiely — from  •'J  to  10  tons  nt  a.  cost- 

;  which  is  tliit  common  rnnj^c  of 
tliuir  capacity.  Doors  uro  provided  ou 
ono  fide  for  chnrRiug  tlie  pig-iron  and 
Bupplj'iii!;  the  fuel;  and  ou  the  oppo-  J-ounjcr i.vir.ruin*™. 

site  Hide  is  ii  smallor  opening  for  lapping  the  molten  iron  into  the  foundry.  In 
consequence  of  tlie  intense  heat  to  which  the  brickwurk  of  the  furnace  is  sub- 
jected, a  system  of  strong  plate  and  bolt  bindmg  is  adopted  to  retain  the 
erection  iii  position. 

Tlio  cupola  is  a  blast-fumace  of  aroall  aizc,  in  which  the  intensa  hfi 


unary  for  funion  is  maiulaliicd  by 
diiueiisions 
12  feet  hi  hf  iglit. 


bottom , 


otiier  blast.  Tlio  iiiti'nur 
from  18  inclicfl  to  3  or  4  feet  io  dinmetcr,  aiitl  0  to  10  ur 
is  comiuoiily  modo  of  iron  pintos,  bolted  togullier,  nnil 
lined  inaidc  vith  tlie  best  tire-lirick,  to  a  tliiekness  oi 
U  or  ID  indies.  The  blant  (ruld)  is  dupplicd  throiigli 
one  or  two  niyeres,  which,  for  fcicilitj  of  opemting  oi' 
-vHTiable  quitutilies  of  iron,  nrc  fHi  made  that  they  eaii 
rted  nt  different  heights  of  tlio  ftimuce.    At  thu 


I  the  side  Hiljoiniii},'  the  foundry,  ttn  opcniii-: 
is  left  for  tapping  the  metal  nnd  rcnioTiu;,- 
any  duder  or  otlicr  matter  adhering  to  llii^ 

Each  of  these  rpmcltiug  fumaecs  pos 
SCSH03  cerlaiii  ttdviuitHgcB  ot  its  own.  Thr 
mrfumoco  is  preferred  where  tongi  in  ess  and 
iin  homogeneous  stnictnre  are  required :  tlic- 
slight  decarbonating  influence  of  tlie  rcvei*- 
berating  column  of  carbonic  acid  and  otlicr 
products  of  comliiiKtion  from  the  firc- 
-"     place,  appears  fuvoiimblu  lo  a  reteu. 

PcnKiil(t>  Cnpoln  Fnniacf.  tion  of  strcngtli.      Tlie  iron  so  treatcil 

Mn  be  filed  and  chipped,  and  otherwise  cut  lo  aliape,  witli  great  facility.     Il 
contracts  less,  and  with  greater  regularity,  thau  iron  oUicni.Tso  (renled. 

Cupolas  are  less  cxpensiTe  to  ereet  where  a  supply  of  blast  can  be 
obtained  cheaply;  and  for  many  operations  ore  extremely  iiscfnl.  Small 
qttantitics  of  iron  may  be  advantageouidy  fused,  and  by  means  of  ladles  con- 
reyed  sdmultaneonsly  to  sc^'eral  pai-ts  of  tlie  foundry.  Caxtings  from  cupolai:. 
hmrerer,  ore  weaker,  and  less  to  be  depended  on,  than  those  fixim  nir 
fdrnacca.  In  consequence,  also,  of  tlic  carbonizing  action  of  the  blast  on  tlic 
metal  in  the  furnace,  the  castings  produced  ere  generally  very  hard,  difficult 
to  cat.  and  disposed  to  fly  (break  spontoneonslT,  thi-oiigh  uuequal  contraction! 
whilst  coolinf; ;  and  even  aflcrwHrds,  danger  is  to  be  apprehended  from  sudden 
cLangcs  of  tcmperatura.  Tlio  tensile  strength  is  inferior,  uid  probably  arises 
from  partial  diamption  of  tic   cohesioa,  tlirougii   unequal   contraction  in 

By  the  founder,  iron  castings  are  distinguiGlied  as  oi>cu  saiul.  green  sand, 
dry  sand,  loam,  or  chilled  castings,  according  to  the  mode  of  moulding. 
OccBsionaJly  a  complex  piece  embraces  two,  or  even  all  fiTe  methods.  Tlie 
ojioi  tanii  method  is  adapted  for  rough  articles,  Buch  ns  flooring  ]'lates.  and 
other  castings  in  which  one  aide  is  permitted  to  bo  uneven.  Oreen  iirm} 
moaMlny  is  largely  praetiacd  in  llie  production  of  stove  fi'<ints.  pans,  small 
^pes,  and  the  innumerable  small  nrtieles  of  commerce,  plain  and  ornamented. 
of  caat-iron.  Dry  tamt  is  appUed  to  large  pipes,  engine  and  mill-work,  to 
giiden.  and  other  large  eastingB  requiring  great  etrenglh.  Loam  is  a  modili- 
eation  of  the  d»y  aand  method,  and  is  principally  applied  to  lar^jc  eircular 
eastings,  snch  as  cylinders  and  wheels.     Chilled  rnid'nga  nxe  l\\0Hft  c«i>A.  ycv 
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tliick  irau  moulds  instead  of  sand :  the  surface  of  the  metal  in  contact  with 
the  cold  irun  is  rendered  extremely  hard,  in  conseq[iience  of  the  sudden 
manner  in  >vhicli  it  is  cooled.  It  is  much  used  for  axle-boxes,  roUen  for 
octree  and  sugar-mills,  and  all  purposes  requiring  great  hardness,  and  capacity 
:oY  resisting  abrasion. 

Open  Sand  Moulding. — ^Moulding  in  open  sand  is  the  simidest  mode, 
and  refjiiires  comparatively  Uttlo  skill.  An  exact  model  of  the  intended  cast- 
ing is  made  in  white  deal  wood,  and  placed  in  an  excavation  in  the  damp  sand 
Uoor  of  the  mouldiugbcd,  Uie  top  level  with  the  floor  line.  Having  carcfuDr 
levelled  the  model  with  a  "f  level,  the  moulder  proceeds  to  ram  the  sand 
tightly  round  it  iu  small  quantities  at  a  tune,\«ith  the  lai*ge  end  of  a  tamping- 
iuir.  The  i^and,  placed  iu  contact  with  the  model,  is  selected  with  care,  and 
•if ted  to  separate  any  particles  of  iron.  On  attaining  the  level  of  the  model, 
liie  tnmpiiig  i.s  discoutumed,  and  the  sand  at  tlie  top  carefully  smoothed  with 
a  small  trowel;  to  strengthen  Uie  edges  iu  contact  with  the  moddi,  a  few 
.Imps  of  water  are  sprinkled  over  the  sand.  With  a  large  iiron  wire,  cnrred 
:^o  as  to  ]iass  under  tlie  model  without  touching  it,  the  moulder  pierces  the 
sand  all  around  several  times ;  tlie  model  is  now  taken  out,  for  wliich  purpose 
iin  iron  spike  is  screwed  iuto  tlie  top,  and  repeatedly  struck  lightly,  to  loosen 
it  from  the  Kan<l,  wlien  the  moulder  carefully  draws  it  up.  To  focihtatc  its 
removal,  it  is  made  rather  larger  above  than  beneath,  and  the  adhesion  of 
o:uid  partially  prevented  by  singeing  the  surface  of  tlie  wood.  In  the  event 
of  any  portion  of  the  sjuid  having  been  detached  in  the  act  of  remo\'ing  the 
model,  tlio  damage  is  repaired  with  a  hltle  fine  sand,  worked  with  the  trowel. 
The  interior  is  tlicndu.'^ted  overwitli  some  burnt  sand  from  previous  castings. 
or  charcoal  dust  sifted  through  a  horse-hair  sieve.  If  very  dcei)  for  an  open 
j'.tind  casting,  the  edges  of  the  mould  are  prevented  from  rising  by  a  series  of 
]iea\')'  weights,  disposed  wherever  tliere  is  space.  Shallow  castings  hove  the 
od^^'es  of  the  mould  protected  by  thin  plates :  in  all  cases  cai*o  is  taken,  by 
weights  or  sprigs,  that  the  pressure  of  tlie  molten  metal  shall  not  Hft  up  the 
sand  wall.  From  the  top  of  the  mould,  previous  to  ^^'itlld^•awulg  tlic  model,  a 
small  canal  is  made  in  the  sand-bed  leading  to  the  snielting-fuinace,  or  to  a 
small  pit,  uito  which  the  metal  is  poured  fi*om  a  ladle.  The  communication 
with  the  mouhl  is  closed  by  a  small  iron  gate-jdate,  loomed  over  to  prevent 
the  adhesion  of  the  iron  until  ca.sling  time.  If  the  casting  be  deep,  the  canal 
is  continued  to  the  bottom  of  the  model  by  a  small  bore-hole,  at  a  few  inches' 
distance  from  tlie  body  of  the  intended  casting.  Lai-ge  castings  require  two 
or  more  branches  to  the  canal,  to  convey  tlie  iron  to  diiferent  parts  of  the 
mould  simidfciueously. 

The  filling  of  the  mould  demands  great  attention,  and  requires  to  be  done 
as  rapidly  as  may  be  pi'acticable.  If  tlie  metiil  is  nm  direct  from  a  furnace, 
it  is  brought  simultaneously  to  tlie  several  gates,  and  allowed  to  flow  into  the 
(Ulferent  p;irts  of  the  moidd  hi  nearly  the  same  volume.  The  sprinkling  of 
a  few  droits  of  metal  around  the  air-holes  left  by  the  wire  produces  a  slight 
explosion,  through  ignition  of  the  inflammable  gases  arising  from  them. 
Those  continue  to  bui'u  so  long  as  the  outside  of  tlie  metal  x>ossesse8  the 
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I  property  of  decomposing  water.  The  molten  iron  is  carefully  skimmed  from 
time  to  time,  and  any  oxidized  matter  removed  from  the  surface.  If,  at  the 
termination  of  the  running,  the  moidd  appears  to  he  filling  unequally,  the 
defect  is  remedied  by  the  a4jacent  stop-gates  being  opened  or  shut,  as  the 
drcumstancc  may  require.  The  molten  iron  is  never  poured  direct  from  a 
vessel  into  the  mould ;  but  in  a  mould  partly  filled,  it  is  sometimes  allowed 
to  flow  direct  from  the  ladle.  The  running  finished,  Uie  surface  of  the  metal 
is  usually  sprinkled  with  a  Uttlo  dry  sand,  and  the  casting  left  in  its  bed  until 
sufficiently  cold  for  removal. 

If  soundness  is  required,  no  casting  of  any  kind  should  be  removed  until 
cooled  down  throughout,  to  within  a  few  degrees  of  the  atmosphere ;  and  in 
the  case  of  open-run  castings,  a  thick  covering  of  sand  sliould  be  applied  to 
retain  the  beat.  If  removed  too  soon  after  casting,  the  piece  is  irreparably 
weakened,  if  not  fractured  and  lost.  Want  of  room  in  a  confined  foundry  is 
commonly  adduced  as  a  reason  for  turning  out  the  work  as  soon  as  it  has 
solidified ;  but  a  desire  to  turn  out  more  work  than  the  foundry  is  capable  of 
producing,  is  perhi^  nearer  tlie  mark.  From  whatever  cause  it  may  arise, 
it  is  too  evident  that  many  disastrous  accidents  have  arisen  from  the  breakage 
of  girders  and  mill  machinery,  resulting  solely  from  inattention  to  this  point ; 
thus  occasioning  great  mistrust  in  cast-iron  as  a  material  of  constructiou, 
and  lowering  its  commercial  value. 

Qxeen  Sand  Gastings  differ  from  open  sand,  in  being  covered  with  the 
half  of  a  box  during  the  process  of  casting. 

The  green  sand  of  the  founder  is  an  argillaceous  sand,  in  the  state  in 
\iiuch  it  is  raised  from  tlie  gravel  pit,  having  been  first  sifted  tlirough  a  fine 
wire  sieve,  carefully  mixed  with  about  one- twelfth  of  its  volume  'of  finely 
powdered  coal,  and  shghtly  moistened  with  water ;  in  this  state  it  retains  the 
exact  form  of  any  object  impressed  on  it.  This  mixture  can  only  be  used 
once  for  the  formation  of  moulds,  being  afterwards  employed  for  filling  up.  In 
order  to  obtain  the  form  of  the  pattern,  the  moulder  takes  a  cast-iron  frame, 
which  is  filled  with  sand  and  closely  rammed.  Taking  the  pattern  from  whicli 
the  casting  is  to  be  made,  the  workman  scratches  on  the  smooth  surface  of 
the  sand,  and  in  the  centre  of  the  iron  frame,  a  rough  resemblance  of  tlie 
model,  which  is  embedded  into  the  sand  to  one-half  its  tliickness ;  it  is  then 
sprinkled  over  with  charcoal  dust. 

A  counterpart  of  the  cast-iron  frame  is  now  filled  in  a  similar  manner  with 
sand  closely  packed,  dusted  over,  also,  with  charcoal  dust,  and  placed  upon 
the  model ;  by  this  process  a  mould  of  the  other  half  is  impressed  upon  it,  the 
charcoal  dust  preventing  any  adhesion  between  the  two  parts  of  the  frame.  Tlic 
apper  frame  is  now  carefully  raised,  and  the  model  removed  from  the  lower 
fraime,  any  slight  imperfection  in  tlie  mould  being  repaired  by  the  use  of  a  httlc 
moistened  sand,  and  a  small  trowel  shaped  for  tlie  purpose.  The  two  parts 
of  the  frame  are  now  joined  together  by  means  of  corresponding  pins  and 
holes,  and  a  cavity  remains  of  the  form  of  the  required  casting. 

Small  articles  also  have  a  bottom  box ;  and  if  of  a  complex  form,  may 
require  several  boxes  for  their  complete  formation.    Pulleys,  for  instance. 
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by  Bweeping  around  ilie  board,  aad  finiahed  with  a  eoat  of  fins 
Wlien  the  uutside  of  tho  mould  is  complete,  th«  board  ia  taken  ont,  ml  % 
grata  with  lighted  fire  sospended  in  it,  to  eff«et  a  thorough  diTing ;  mbw- 
qaanlly  It  in  blocUencd,  nnd  again  dried.    The  core  is  built 

;  on  a  cii-culnr  platfonn  of  the  required  size,  which  rsTolvM  wfaik  bong 
built  against  a  fixed  loann-boitrd. 

Cores  for  pipes  and  smaller  ejlindera  are  bmlt  aroand  a  hollow  cylindrial 
sro-bar,  pierced  nith  numerooa  holes  and  open  at  the  ends,  with  the  exetp- 
tion  of  tho  space  occupied  by  the  tnmniona.  Aronnd  this  qylindiieal  bttii 
laid  a  coToriug  of 
hay  or  straw  rope, 
nnd  then  tlio 
UBOol  coating    of 


loam,  drj-ing  nnd  blfidccning'.  TUe  gaaes  genemteJ  in  tlio  caKing  of  tbc 
■e-bar  escapo  through  the  Bmall  holes  into  tlio  hnHow  cavity  of  the  tan- 
bar,  and  out  at  tlic  onils  whore  tliey  arc  ignited.  Tho  hay  bands  frcelf 
allow  of  tlie  pipe  cuntraclin;^  in  cooling,  wliich  it  could  not  do  aroimd  a  solid 
Bubatonco,  and  permit  of  tlio  ready  withdrawal  of  the  linr. 

Tho  moulding  of  a  largo  tootli-wheel  nay  be  taken  as  an  illustratioD  of 
10  manner  in  wliich  castiiigii.  partly  in  loam  and  partly  in  dry  sand,  sre 
worked  up,  Tlie  moidJing  of  a  wheel  with  four  arms  (Kg.  4)  is  occom- 
plished  by  looming  a  level  surface  in  the  wheel-pit,  and  arranging,  by  means 
if  a  trammel  working  Irom  the  centre,  a  number  of  tootli-corea  made  in  the 
;oro  box  (Fig.  3).  Tho  model  tectli  in  this  box  are  usually  loose,  and  k^pt 
n  their  place  by  passing  throagh  mortices  in  each  side;  tlio  two  sides  are 
kept  together  whilo  tamping  by  clamps.  Four  arms  are  formed  by  tlie  same 
niunbor  of  moulds  (I'ig.  1) .  wliilo  a  third  box  (Fig.  a)  forma  the  centre  core. 
Great  accuracy  is  required  in  tlio  setting  of  the  cores ;  and  aUowance  has  to 
be  made  for  contraction  of  metal  in  cooling. 

An  inspection  of  the  figures  will  convey  a  correct  idea  of  the  way  in  whiei 
many  moulds  are  built  np  at  comparalivcly  trifling  expense  ;  and  it  is  tc  be 
bomo  in  mind  that  tJie  binding  together  of  tlio  several  parts  of  tho  boxes  uiJ 
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frames,  by  xoeana  of  the  taper-pins  and  cross-keys,  previons  to  pouring  in  the 
molten  metal,  is  an  operation  requiring  great  care  on  the  part  of  the  operator. 
liquid  cast-iron  presses  with  a  force  exceeding  one  pound  the  square  inch 
when  the  column  is  four  inches  high.  Castings  are  frequently  made  and 
Mat,  with  a  column  of  liquid  iron  ten  feet  high ;  in  which  case,  every  inch  of 
the  mould  exposed  to  this  column  has  to  resist  a  bursting  pressure  of  more 
tium  thirty  pounds,  or  about  one-half  the  pressure  to  which  high-pressure 
steam-boilers  are  subjected.  Under  such  circumstances  the  boxes  require 
to  be  of  great  strength,  perfectly  rigid,  and  bound  together  at  short  intervals 
m\h  heavy  iron  bands,  in  addition  to  the  pins  and  keys.  In  green-sand 
moulding,  the  column  of  metal  is  usually  much  less ;  but  the  surface  extended 
horizontally,  demands  nearly  the  same  precautionary  measures. 
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CHAPTER  Xn. 

THE   8TBENGTH  AND  OTHER  PROPERTIES  OF  CAST-IRON. 

The  properties  of  iron  of  greatest  importance  in  constraction  and  mechanksl 
engineering  are  —  1.  tenacity;  2.  transverse  strength;  8.  power  to  redat 
impact ;  4.  power  to  resist  fatigue ;  and  5.  power  to  resist  compressmg  or 
crashing  forces :  to  these  must  be  added,  in  the  case  of  the  founder  and 
turner — 5.  fluidity;  6.  hardness;  and  7.  texture.  For  special  purposes, 
otlier  qualities  arc  sometimes  sought  after,  but  the  foregoing  comprise  the 
essentials  required  in  a  good  cast-iron. 

It  is  vrell  Imown  to  founders  and  mechanical  engineers,  that  the  several 
qualities  for  wliicli  a  given  cast  iron  may  be  distinguished,  are  susceptible  of 
considerable  modification,  improvement,  and  more  marked  development,  by 
special  treatment  iu  tlie  hands  of  the  founder;  and  to  smelters,  that  the 
general  qualities  of  the  original  crude  pig-iron  are  dependent,  in  great 
measure,  on  the  chemical  composition  of  the  ores,  fuels,  and  fluxes,  and  is 
the  smelting-fiuTiace  :  but  witii  similar  materials,  the  method  of  woildng  the 
fiu-nace,  tiic  temperature  of  the  blast,  the  construction  of  the  furnace  itsclt 
and  various  other  causes,  are  foimd  to  exercise  important  influences.  T1»B 
crude  iion  of  the  blast-fiuiiace,  however,  is  rarely  used  for  the  formation  of 
valuable  castings,  until  it  has  undergone  one  or  more  rcmeltings;  and  the 
follo^^'ing  remarks  wiH  apply  only  to  iron  which  has  been  reworked  in  tha 
manner. 

The  importance  to  tiie  engineering  profession,  and  to  science  generaUj*  of 
an  elaborate  scries  of  experiments  on  tiie  quahties  of  cost  iron,  has  been  vexj 
generally  felt  for  tiie  last  quoiier  of  a  century ;  but  tiie  time  required  for  their 
prosecution,  and  the  expense  necessarily  involved,  have  been  too  great  for  any 
private  individual.  Several  engineering  firms  have  made  a  few  experiments 
on  the  metal  as  preliminary  tiials,  previous  to  the  execution  of  particular 
works ;  and  tiie  British  Association  for  the  Advancement  of  Science  allotted 
a  small  sum  of  money  for  some  limited  experiments  on  form  and  apphcation. 
More  rccentiy  a  commission  was  issued  by  Government  to  inqiure  into  the 
application  of  iron  to  railway  stnictm*es ;  but  its  labours  were  confined  to  testr 
ing  the  stability  of  a  few  mil  way  bridges,  and  collecting  the  verbal  opinions 
of  engineei*s  as  to  the  merits  of  particular  brands  of  pig-iron  :  tlie  results  of 
ihe  inquirj'  were  of  littic  or  no  value  to  practical  workers  in  the  metal. 

In  the  United  States,  the  great  difference  obsen-ed  in  the  strength  and 
durabihty  of  cast-iron  ordnance,  apparentiy  composed  of  equally  good  metal, 
led  to  the  adoption  of  measures  for  ascertaining  tiie  cause  of  such  diflerenoe. 
These  measures  were  first  applied  about  thii-tecn  years  since,  and  conducted 
out  of  tiie  public  revenue  of  the  States  by  competent  and  highly  painstaking 
ofl&cers  of  engineers :  tiie  results  as  published  form  the  most  complete  and 


TBlfSILE  STBENOTH  OF  CAST-IRON. 


211 


iable  record  of  experimental  researches  on  the  metal  yet  issued  in  any 
intry ;  and  contrasts  most  fjAYoarably  witli  the  manner  in  which  similar 
iearches  are  undertaken  and  conducted  in  England.  From  this  work,  and 
m  private  researches,  will  be  collected,  in  a  condensed  form,  a  few  of  the 
indpal  known  £acts  relating  to  the  qualities  of  cast-iron. 

Tensile  Strength  of  Cast-iron. 

In  all  purposes  to  which  cast-iron  is  applied,  tenacity  is  a  quality  of  the 
Bt,  if  not  of  paramount  importance.  Transverse  strength,  the  next  in  the 
ier  of  importance,  is  directly  dependent  on  the  tenacity  of  the  metal, 
ence,  in  all  well-conducted  researches  into  the  qualities  of  pig-iron,  tenacity 
£es  precedence  of  the  others.  It  is  influenced  by  several  causes,  separately 
d  combined ;  the  chief  of  these,  so  far  as  yet  ascertained,  is — 

Temperature  of  the  Blast  used  in  the  Reduction  of  Cast-iron. 

With  the  invention  and  application  of  the  hot-blast,  there  arose  a  very 
neral  belief  that  the  new  process  tended  to  largely  deteriorate  the  tensile 
:ength  of  the  pig-iron  produced.  With  the  existing  furnaces,  however,  the 
rention  in  one  district  effected  such  a  considerable  saving  of  coal  in  the 
mace,  that  the  generally  inferior  character  of  tlie  iron  prepared  with  it  was 
ntroverted  by  the  manufacturers.  And  at  the  present  day  the  inferiority  is 
ry  frequently  ascribed  by  writers  to  the  facihties  which  this  invention 
(nds  of  worldng  up  materials  of  a  quality  inferior  to  those  capable  of  being 
inced  by  a  cold  blast.  Recent  researches,  however,  have  demonstrated, 
It  with  similar  ores,  fuel,  and  flux,  the  quahty  of  hot  blast  iron  is  greatly 
!ierior  to  that  of  iron  smelted  with  a  cold  blast. 

The  experiments  made  for  the  British  Association,  wiUi  a  view  of  settling 
is  point,  were  th&  first  of  their  kind  publicly  undertaken ;  and  the  results 
5  subjoined : — 


Carron  No.  2  quality  pig-iron  .  . 

do.              do.         .  . 

No.  8  quality  pig-iron  .  . 

do.  do. 

Coed  Talon  No.  2  quality  pig-iron 

„            do.              do.         .  . 

Bufferey  No.  1  quality  pig-iron  . 

do.             do.         .  . 


•» 


}» 


»» 


f» 


Tenacity  in  lbs. 

per  sq.  m. 

.     .    hot  blast 

18,505 

.     .     cold   „ 

16,683 

.     .    hot    „ 

17,755 

.    .    cold  „ 

14,200 

.     .    hot    „ 

16,076 

.     .     cold  „ 

18,855 

.     .     hot    „ 

13,434 

.    .    cold  „ 

17,406 

The  number  of  pig-irons  tested  was  sixteen ;  and  it  will  be  observed  that, 
Ji  one  exception,  the  cold-blast  irons  are  greatly  superior  to  tlie  hot.  The 
gle  exceptional  case  led  the  experimenters  to  the  conclusion,  that  the  lower 
ilitaes  of  iron  were  improved  by  the  use  of  hot  air  to  nearly  tlie  same  ex- 
it as  the  higher  qnalities  were  deteriorated.  This  conclusion,  however,  was 
mded  on  a  single  experiment ;  and  to  have  been  of  any  value,  o^  fces&i  ^x- 


\ 
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lion  of  iron  should  haro  been  taken,  and  experimented  on  for  corroboratioiiof 
such  a  striking  anomaly. 

Previous  to  tlieso  experiments,  the  Low  Moor  Company — ^whosc  works  in 
the  Bradford  district,  well  known  for  the  superior  quality  of  the  iron  pro- 
duced in  it,  had  been  wrought  entirely  with  cold  blast — adopted  the  new  mode 
of  smelting ;  but  the  reduction  in  quality  was  such,  that  the  cold  blast  was 
resumed  after  a  very  brief  trial.  These  and  the  other  works  in  this  district 
have  since  continued  to  use  a  cold  blast  only.  Experiments  were  made  on 
tlie  Low  Moor  irons  as  prepared  by  tlie  two  processes,  and  the  folloiring 
results  obtained,  the  strength  of  cold-blast  uon  being  taken  as  unity : — 

Mean  brealdng  weight  of  cokl-blast  pig-iron  ...     3  '000 
Do.  do.  hot         do.  ...       -831 

Subsequently  experiments  were  made  at  the  Dowlais  Works  on  irons 
remelted  in  an  air-furnace,  also  on  others  remelted  in  the  cupola,  with  results 
nearly  the  same  as  those  occurring  at  Low  Moor:  tho  relative  strengths 
being : — 

Mean  breaking  weight  of  five  bars  of  cold-blast  iron   1*000 
Do.  do.  six  bai*s  of  hot-blast  iron        '835 

Tho  discovery  that  a  cold  blast  of  sufficient  density  could  be  succcssfuflj 
used  in  forcing  iiimaces  using  antliracite  fuel,  resulted  in  some  comparatiTe 
trials  being  made  at  t]ie  Ystalyfcra  works  on  irons  prepared  by  the  two  pro- 
cesses. The  result  of  a  large  number  of  cxpeiimcnts  tended  to  establish 
the  fact  of  a  large  deterioration  occurring  "with  the  hot-blast  irons:  the 
relative  strengths  of  tlie  two  irons  being — 

Anthracite  u'on,  cold  blast 1000 

Do.         do.  hot  blast -802 

These  experiments,  made  on  irons  reduced  from  similar  ores  and  under 
circumstances  i)recisely  equal,  temi)erature  of  blast  excepted,  must  be  hcM 
conclusive  as  far  as  regards  the  irons  of  this  country.  The  experiments  in 
the  United  States  were  made  principally  on  charcoal  irons ;  nevertheless  the 
results  are  even  more  unfavourable  to  tlie  hot-blast  irons.  The  diminution  of 
tenacity  which  follows  on  tlie  heating  of  the  blast,  is  shown  in  the  following 
statement  of  the  effects  produced  on  the  American  furnace  iron  : — 

Tensile  strength  in 
lbs.  per  sq.  io. 
Blast  cold  .......     14140 

Do.     heated  to  150°     ....     12243 

Do.  do.         200°     ....     12970 

Do.         do.        250'     ....     11420 

This  pig-iron  was  of  No.  1  quahty,  and  cast,  for  the  purpose  of  experiment, 
into  bars  in  the  open-sand  furnace-bed.  The  difference  in  the  tensile 
strength  of  hot  and  cold-blast  iron  from  the  same  furnace  was  so  great  in 
several  instances,  that  the  officers  engaged  in  the  inquiry  sought  and  obtained 
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3  most  ample  proof,  that  in  every  case  the  inferior  metal  had  been  produced 
m  hot-blast  iron.  In  the  case  of  seventeen  guns  cast  from  hot  blast,  eight 
led  to  stand  the  proof.  Experiments  on  tlie  metal  in  three  guns  gave  a 
Qsity  of  7*00,  and  a  tenacity  of  20,732  lbs.  to  the  square  inch.  Similar  ex- 
riments  on  guns  cast  at  the  same  works  several  years  previously,  but  from 
Id-blast  iron,  gave  a  density  of  7*185,  and  a  tenacity  of  25,246  lbs.  to  the 
oare  inch. 

It  is  worthy  of  remark,  also,  as  bearing  out  the  opinion  that  the  quality 
our  pig-iron  has  deteriorated  within  tlie  last  half  century,  tliat  in  an  £ng- 
h  gun  imported  into  America  in  1H45  the  cast-iron  was  of  a  density  of  7*04, 
id  tensile  strength  of  18,145  lbs.  to  tlio  square  inch  ;  while  other  English 
ins  imported  about  thirty  years  previously  contained  metal  of  a  density  of 
202,  and  tensile  strength  corresponding  to  28,007  lbs.  to  tlie  square  inch. 

The  analyses  made  in  the  laboratory  attached  to  the  Pikcsville  Arsenal 
e  singularly  confirmatory  of  the  unfavourable  opinion  respecting  tlie  hot- 
ast  current,  soon  after  its  introduction.  The  results  of  numerous  analyses, 
I  irons  prepared  by  the  two  processes,  gavi 


Cold  blast.    Hot  blast. 

Specific  gravity 7-194        7074 

Tensile  strength 26,851)      18,01)3 

Combined  carbon 0830  -0087 

Graphite -0470  0000 

Siliciimi 0386  '0593 

Slag 0189  -0375 

Phosphorus 0228  "0185 

Sidphur 0014  '0010 

Manganese 1141  '0960 

Earths 0117  -0146 

Silidum  and  carbon 1219  '1281 

Silicium  and  slag 0575  '0938 

Graphite  and  slag 0065  '0975 

Graphite,  slag,  and  silicium 1051  '1508 

Graphite,  slag,  silicium,  and  i)hosphorus  '1280  '1753 

Total  carbon 1312  1287 

Grapliite,  slag,  silicium,  phosphorus,  sul-  l.i  iii  -lOOO 

phur,  and  earths J 

The  result  of  the  numerous  experiments  made  in  the  United  States  on 
ftirons  has  been  the  entire  rejection  of  hot-blast  smelted  iron  as  a  material 
r  constructing  ordnance.  It  must  not,  however,  bo  supposed  that  hot-blast 
m  is  inapplicable,  or  inferior  to  cold-blast  irons,  for  all  purposes.  Where 
eat  tensile  strength  is  desired  it  should  be  carefully  avoided ;  but  under 
ber  circamstances,  it  may  frequently  be  substituted  for  cold-blast  iron  mth 
nsideralile  advantage. 
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Hcmcliing  tlio  cmde  iron  has  an  important  influence  on  its  tenale  pro- 
perties. An  improvement  in  quality  is  very  generally  obseiTed  on  remdtixiig 
the  cmde  pig-iron  of  tlie  blast-furnace  in  reverberatoiy  fhmaees.  "WiUi 
founders  tliis  improvement  is  ascribed  to  the  more  homogenooua  chazaeter  of 
the  iron  so  treated,  over  tliat  of  the  original  pig;  but  the  author,  in  his  kijp 
work,  combated  this  opinion,  and  placed  it  to  the  credit  of  the  refining  of  the 
iron  which  necessarily  takes  place  at  each  remelting.  The  publication  of  the 
American  experiments  confirms  tliis  view  of  a  mere  remelting  resulting  in  tlie 
prodnctiou  of  a  more  pure  metal. 

Crude  pig-iron  of  the  blast-furnace  was  taken  and  thrice  remeltedto 
observe  the  change  of  quality  and  increase  of  density  produced ;  the  nnlti 
were: — 

^      mlbt.persq.iiL 

Crude  pig-iron 6'974  .     .     14,000 

Do,        romeltcdoncc 7090  .    .    20,000 

Do.        do.  twice 7-229  .     .     30,229 

Do.        do.  three  times    .     .    .    7-301  .    .     85,786 

In  a  second  series  of  experiments "  the  improvement  in  quality,  by  remelt- 
ing, was  equally  marked.  The  metal  operated  on  was  cold-blast  charcoal  pig- 
iron,  cast  ill  siiniliir  moulds  and  under  sunilar  conditions,  the  nxunber  of 
fusions  alone  excepted  : — 

Tensile  strength  in    p^ 
lbs.  per  sq.  m.       *'»•"•. 

Cmde  pig-iron 11,020     .     .     0041) 

Do.         do.        rcmcltcd li>,94'2     .     .     70C0 

Do.        do.        remelted  ivdcQ      .     .     35,846     .     .     7-327 

In  another  case,  the  iron  of  third  fusion  attained  a  density  of  7-304,  and 
tensile  strength  of  451)70  pounds  per  square  inch — ^the  highest  ever  sustained 
by  cast  iron. 

Experiments  on  a  limited  scale  were  made  for  the  British  Association  bj 
^Ir.  Fairbaim ;  and  the  results,  though  less  mai'kcd  than  in  the  American  ex- 
periments, demonstrate  tlio  great  advantages  which  may,  in  many  instances, 
be  derived  from  a  mere  remelting  of  the  cast-iron. 

One  ton  of  Eglinton  hot-blast  iron  was  operated  on,  and  the  proportion  of 
flux  and  coke  at  each  fusion  accurately  measured,  so  as  to  be  alike  at  each. 
The  iron  was  run  into  bars  one  inch  square,  and  the  trials  were  made  on 
lengths  of  about  four  feet,  suppoi-ted  at  each  end,  and  tlie  weight  apphed  in 
the  centre  gradually,  until  tlio  bar  broke  :  one  bar  was  reserved  at  each  trial. 
and  the  rest  of  tlie  iron  again  remelted.  This  succession  of  remeltings  and 
trials  was  repeated  seventeen  times,  when  the  quantity  of  iron  was  too  mndi 
reduced  for  a  continuance  of  the  experiments.  The  results  obtained  prore 
tliat  cast-iron  increases  in  strength  up  to  the  twelfth  melting,  and  that  it  then 
rapidly  deteriorates.  The  commencing  breaking-weight  was  403  lbs.,  and  tfaifl 
went  on  increasing  until  at  tho  twelfth  melting  tlie  brealdng-wdght  was 
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)  lbs.  At  the  thirteenth  it  was  671  lbs. ;  at  the  fifteenth  391  lbs.;  at  the 
teenth  363  lbs. ;  and  at  the  seTenteenth  melting  the  ultimate  strength 
s  330  lbs. ;  or  less  than  one-half  of  its  ma'ximnm  strength.  After  the  four- 
nth  melting,  the  molecules  of  the  metal,  when  fractured,  appeared  to  have 
dergone  a  decided  change.  There  was  a  bright  band,  like  silver,  on  the 
g(e  of  the  bar,  whilst  the  middle  retained  the  ordinary  crystalline  fracture ; 
i  in  the  succeeding  meltings,  the  metal  was  bright  all  over,  resembling  the 
«ctaie  of  cast  steel. 

Maintaining  the  iron  in  fusion  for  shorter  or  longer  periods,  is  attended, 
many  instances,  with  a  corresponding  improvement  in  the  textile  strength 
the  product  By  keeping  it  in  fusion  a  longer  period,  the  number  of 
meltings  necessary  to  develop  its  maximum  strength  may  be  reduced.  In 
e  case  of  the  Manchester  experiments  referred  to,  the  iron  was  in  compara- 
bly small  quantity,  reduction  to  a  molten  state  took  place  with  great 
piditf ,  and  the  process  was  completed  in  a  veiy  short  period.  The  American 
periments,  on  the  other  hand,  were  made  on  several  tons  of  iron,  in  rever- 
ratoiy  furnaces ;  reduction  to  the  liquid  state  took  place  more  slowly,  and 
e  entire  process  lasted  several  hours.  The  gradual  reduction,  also,  of  the 
m  and  its  flowing  to  the  hearth,  exposed  it  to  a  prolonged  decarbonization, 
id  resulted  in  a  corresponding  greater  purity,  with  fewer  remeltings. 

The  improvement  in  quality  obtained  by  keeping  the  iron  in  fusion  for 

riods  after  reduction,  is  very  well  shown  by  the  results  obtained  with  the 

»ckbridge  iron : — 

TensUe  Btrength    j^^.^ 
mlbs.  persq.m.  ' 

Iron  twice  remelted  and  cast  on!  i «  om  rt.ina 

reduction  to  hquidity     .    .     J 
Do.  maintained  in  fosion  1  hour     .    .    . 
Do.        do.  do.      2    „         ... 

Do.        do.  do.      3    „         ... 

In  other  experiments  the  increase  of  density  and  tensile  strength  is  equally 
"eat,  and  shows  the  wide  field  for  improvement  which  the  mere  difference  in 
ode  of  reductilm  and  time  (A  casting  offers  to  the  consideration  of  the 
ractical  founder. 

Tfenacity.  DenBity. 

Iron  in  fusion    ^hour      .    .     .     17,843    .     .     7187 
Do.  do.     1     „       ....     20,127     .     .     7-217 

Do.  do.     H  , 24,387     .     .     7250 

Do.  do.     2     „       ....     84,496     .     .     7279 

The  sereral  trials  were  made  with  the  same  chaige  of  iron,  but  the  metal 
V  testing  was  withdrawn  at  the  periods  named.  The  composition  of  the 
oginal  gray  pig-iron  doubtless  influences,  in  a  very  great  measure,  the 
noont  of  impcoremsnt  obtained  with  different  periods  of  fusion.  A  refining 
!  the  iron  takes  place;  and  the  quantity  of  alloyed  matters  oxidized  and 
anovedt  will  Tacy  with  the  character  of  the  pig-iron.    Carbon  is  a  priuci^el 


20,420  . 

.  7-234 

24,383  . 

.  7-270 

25,773  . 

.  7-283 
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ingredient  in  cast-iron ;  and  a  long  exposore,  equaUj  with  repeated  meltings, 
oUcrs  a  ready  method  of  burning  it  away.  The  reverberatiiig  column  of 
gases  in  the  remelting  furnace,  contains  a  proportion  of  firee  oxygen,  which 
combuies  with  tlic  carbon  to  form  carbonic  acid ;  but  sinoe  the  oxygen  is  in 
coutact  only  \^itll  the  surface  of  the  metal,  its  removal  requires  nnmcnraB 
fusions,  or  the  maintenance  in  fusion  for  a  long  period.  Repeated  fnsions  of 
the  iron  are  attended  \i'ith  a  heavy  waste  of  material,  which  goes  far  to  com- 
pensate for  the  increase  of  strength.  In  the  experiments  at  Manchester,  the 
maximum  strength  was  obtained  only  at  the  twelfth  fusion,  and  then  exceeded 
tlie  original  strongtli  in  the  ratio  of  725  to  408.  This  increase,  however,  was 
obtuiuod  1)y  a  waste  in  remelting  of  more  than  one-half  of  the  iron  originallf 
charged ;  so  tliat,  in  a  commercial  point  of  view,  a  casting  of  given  strength 
prepared  from  iron  remeltcd  this  number  of  times,  will  cost  nearly  twice  u 
much  as  a  similar  casting  prepared  from  the  original  crude  iron. 

By  exposing  the  molten  iron  to  tlie  white-hot  current  of  gases  for  a  longer 
period,  tlie  improvemcut  in  strength  is  obtained  with  a  comparatively  smill 
waste  of  material.  Apparently,  the  forcing  of  air  under  the  surface  of  the 
iron,  so  as  to  pervade  the  entire  contents  of  the  heai*th,  and  react  with  great 
rH]>iility  on  tlio  alloyed  matters,  would  accomplish  the  refining  and  develop- 
ment of  strength  most  completely ;  but  in  practice  the  reverse  is  found  to 
follow  tliis  treatment.  Combustion  of  a  portion  of  the  iron  takes  place ;  and 
tlio  newly-formed  oxide,  remaining  to  a  certain  extent  amongst  the  particles 
of  iron,  reduces  its  tenacity  below  that  of  tlie  original  crude  iron.  On  the 
other  hand,  tlic  exposure  of  the  reduced  iron  to  a  cuiTcnt  containing  free 
oxygen  results  in  tlic  i*apid  deprivation  of  carbon,  sihcon,  x>hosphoms,  sol- 
j)hur,  &c. ;  the  firat  in  a  gaseous  combination,  tlic  rest  in  the  slag  produced 
iji  the  process.  The  temperature  of  tlic  molten  mass  in  the  hearth  is  un- 
equal, and  subject  to  slight  variations ;  the  result  is  the  production  of  nume- 
rous slow  cuiTents,  which  successively  bring  tlie  entire  charge  of  metal  under 
tlie  refilling  inlhiencc  of  the  passing  current  of  gases. 

Irons  contaming  a  large  proportion  of  carbon,  relatively  to  tlie  other  im- 
purities, are  most  susceptible  of  improvement  by  treating  in  this  manner. 
With  other  irons,  prepared  witli  a  heavy  burden  of  materials  on  the  blast- 
furnace, the  iniproveincnt  is  less  striking,  and  is  attended  vdih.  a  larger  waste 
of  metal  through  oxidation. 

The  rapidity  and  mamicr  of  cooling  the  casting,  directly  influences  the 
tensile  strengtli  of  the  metal.  It  is  found  that  small  castings,  moulded  in 
voilical  dry-sand  flasks,  have  a  less  tensile  strength  than  lai-go  castings  simi- 
larl}'  moulded,  and  cast  from  the  same  charge  of  iron.  The  diminution  of 
Btrougth  in  the  case  of  the  small  bai's  amoimted  to  nearly  five  per  cent 
Tested  transvci'sely,  however,  the  strength  of  tlie  metal  in  the  small  casting 
was  to  that  of  tlie  metal  in  tlie  large  as  1 145  to  1000.  This  difference  between 
the  comparative  tensile  and  transverse  strengths  of  the  iron  from  the  two 
castuigs  is  easily  explained.  Tlie  rapid  coohng  of  the  small  bar  resulted  in 
the  skin  attaining  great  hardness,  and  the  metal  to  be  in  a  state  of  tension. 
This,  while  it  increased  the  transverse  strength,  reduced  the  ability  of  the 


EFFECTS  OF  SLOW  COOLING  ON   CAST-IRON.  217 

iron  to  bear  a  direct  tensile  force.  The  large  casting  cooled  slowly,  in  conse- 
quence of  its  great  bulk ;  and  the  heat  in  the  interior  mass  having  to  pass 
through  the  skin,  produced  a  partial  annealing  of  tliis  portion.  Softened  in 
this  manner,  it  was  less  able  to  bear  a  transverse  strain ;  but  the  equal  rate 
of  contraction  of  the  mass  was  favourable  to  tlic  resistance  of  tensile  force. 

The  tensile  strength,  as  influenced  by  tlie  size  of  the  masses  and  rapidity 
of  cooUng,  varies  with  the  condition  of  the  iron  previous  to  casting.  If  tlie 
refining  process,  by  lengthened  fusion  or  numerous  remeltings,  be  carried  too 
fiir,  the  resulting  product  will  be  of  a  hard,  brittle  quality ;  and  when  cast 
into  small  articles,  be  chilled  to  that  extent  as  to  be  incapable  of  working 
with  steel  cutting-tools.  Cast  into  larger  articles,  however,  and  cooled  more 
alowh",  a  maximum  tenacity  may  be  developed,  and  tlio  texture  of  the  iron 
be  found  of  a  character  to  bear  cutting- tools  on  its  surface. 

Continuing  the  operation  too  long,  also  produces  a  thickening  of  the 
molten  iron,  until  it  is  of  too  great  a  consistence  for  the  i)ropcr  filling  of  the 
moulds,  and  the  prevention  of  air  cavities  in  the  body  of  the  casting.  The 
burning  away  of  the  carbon  is  attended  with  a  loss  of  tluidity ;  and  this  defect 
occurring,  there  is  no  remedy  short  of  introducing  further  portions  of  the 
original  crude  iron,  to  restore  by  mixing  a  certain  degree  of  fluidity.  Thin 
castings,  and  others  requiring  great  sharpness  in  the  angles,  can  be  success- 
fully made  only  when  the  iron  contains  a  large  portion  of  the  carbon  con 
tracted  in  the  blast-furnace.  Freedom  from  air  cavities  demands  the  em- 
ployment of  a  similar  metal. 

Casting  under  a  head,  or  considerable  pressure  of  tlie  fluid  metal,  is 
resorted  to  in  very  many  instances,  in  order  to  obtain  great  soHtlity.  The 
density  of  the  metal  is  increased,  attended  with  a  corresponding  augmentation 
of  tensUe  strength.  An  experiment  on  the  comparative  density  and  tenacity 
of  rough  pigs  cast  horizontally,  and  a  moulded  bar  cast  vertically,  gave  the 
following  results : — 

Tenacity.  Density. 

Bough  pigs,  cast  horizontally   .     .     .     14481     .     .    7004 
Bar,  cast  vertically 10424    .     .    7085 

In  all  close-flask  castings  the  head  of  metal  is  required  to  be  several 
inches  above  the  highest  point  of  the  mould,  or  the  perfect  filling  may  not  be 
ensured.  Boilers  for  mill  machinery,  and  numerous  other  articles,  are  fre- 
quently cast  with  a  vertical  pressure  of  two  or  three  feet  of  liquid  metal  above 
the  most  elevated  part  of  the  mould.  The  eflccts  of  atmospheric  pressure  on 
the  surface  of  the  liquid  iron,  while  cooling,  has  been  tried,  and  apparently 
produced  a  small  improvement  in  the  metal.  Furtlicr  experiments,  however, 
are  required  to  show  tlie  amount  of  each  improvement  imdor  varying  pres- 
sures of  blast 

By  the  rapid  cooling  of  castings  through  the  intervention  of  water,  tlio 
tensile  strength  of  the  metal  may  bo  nearly  destroyed.  The  unequal  rates  of 
contraction  which  ensue,  briug  into  play  forces  greater  than  the  cohesive 
power  of  the  metal  is  able  to  withstand.    A  similar  result  is  frequenUy  ob- 
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served  in  the  case  of  iron  cylinders,  cast  in  thick  iron  moulds,  with  the  Tiew 
of  hardening  the  snrfacc  of  the  casting ;  especiaUy  if  the  metal  is  of  a  lu^ 
quality.  Fissures  running  nearly  parallel  with  the  axis  of  the  cylinder  an 
produced  on  its  surface,  and  penetrate  a  short  distance  towards  the  centre. 
Their  production  is  a  result  of  tlie  rapid  cooling  of  the  skin  of  the  casting, 
through  tlie  absorption  of  caloiic  by  the  mass  of  cold  iron  composing  the 
mould.  Witli  a  slow  and  gradual  cooling  of  the  entire  mass,  the  skin  con- 
tracts equally  witli  tlic  rest ;  but  in  chilled  castings  it  diminishes  in  diameter 
more  rapidly  than  tlic  interior  of  tiie  incandescent  iron,  which  is  forced  oat  of 
the  mould  tlirough  the  head  while  yet  effectively  Hquid ;  but  immediatelj 
solidification  commences  in  the  iuterior,  tlie  skin  is  in  a  state  of  tension,  and, 
at  its  then  temperature,  a  direct  severance  in  one  or  more  places  is  inevitable. 
This  fracturing  of  tlie  skin  occurs  only  with  irons  possessing  more  than  ordi- 
nary hardness  previous  to  iiision ;  but  it  is  only  with  such  that  an  extremely 
hard  surface  to  the  cylinder  can  be  obtained.  Hence,  the  greater  tlie  degree 
of  hafducss  imparted  to  the  iron,  the  greater  the  liability  to  rupture  in 
cooling. 

These  considerations  point  to  the  important  bearing  which  the  nuumer  of 
cooling  has  on  the  tensile  strength  of  cast-iron.  The  circumstance  that  a  very 
rapid  cooling  is  frequently  attended  \vith  a  direct  fracture  of  the  metal,  before 
the  casting  has  left  tlie  foundry,  shows  tlie  very  great  attention  which  shodd 
be  paid  to  this  feature  of  tlie  i)rocess.  Unless  great  core  be  taken,  the  best 
pig-irons  may  be  so  weakened  during  cooling  as  to  possess,  in  the  finished 
casting,  a  tensile  strength  greatly  below  tliat  of  very  inferior  irons  in  other 
castings  cooled  on  correct  principles.  Probably  in  a  majority  of  castings,  the 
quantity  of  the  original  pig-iron  has  less  to  do  with  the  ultimate  strength 
of  the  piece,  than  tiie  mode  in  which  the  iron  is  treated  during  and  after 
fusion. 

When  cast  into  large  masses  and  slowly  cooled,  some  time  elapses  before 
tlie  molecules  of  the  metal  arrange  themselves  into  the  x>osition  offering  the 
greatest  resistance  to  tensile  strain.  The  experiments  made  were  confined  to 
tlie  testing,  by  repeated  firing,  of  heavy  ordnance,  with  various  intervals  of 
time  between  their  manufacture  and  use.  Pieces  cast  some  years  before 
testing,  stood  several  times  the  quantity  of  firing  of  other  pieces  cast  but  a  few 
months  previously.  The  tensile  properties  of  the  metal  did  not  explain  the 
difference ;  and  the  form,  dimensions,  weight,  method  of  casting  and  coolingt 
and  the  manner  of  proving,  were  tlie  same  in  all  the  pieces  tried.  Fozther 
experiments  on  this  remarkable  property,  are  required  to  show  the  several 
circumstances  under  which  it  is  developed. 

The  tensile  strength  of  many  cast  irons  may  be  improved  by  adding  to 
them,  after  fusion,  but  previous  to  flowing  out  of  tlie  remelting  furnace,  a 
quantity  of  Avrought-iron  in  a  divided  state.  By  tliis  proceeding  the  strength 
of  tlie  iron  may  be  increased  to  nearly  fifty  per-cent.  over  that  of  the  original 
pig.  Since,  however,  the  numerous  experiments  made  in  America  have  con- 
clusively shown,  that  remelting  alone  will  produce  a  much  greater  improve- 
ment of  quality,  we  must  infer  that  the  increase  of  quality  placed  to  the  use 
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able  scrap  really  occurred  from  the  remeltiug ;  and  that  by  treating 
.  to  a  prolonged  fusion,  greater  strength  would  have  been  produced 
the  use  of  the  scrap-iron. 

BesUtance  of  Cast-iron  to  Compression. 

force  required  to  crush  cylinders  two  and  a  half  times  their  lengtli, 
B  with  the  hardness  of  the  iron,  when  the  cooling  has  not  permanently 
the  structure  of  the  iron. 

To.  1  foundry  iron  required  a  force  of  119,050  lbs.  the  sq.  in. 
Tos.  1  and  3  mixed         do.  do.        168,089 

Tos.  1  and  2  mixed         do.  do.        152,560 

Tos.  1,  2  and  8  mixed     do.  do.        160,803 
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lilding,  and  construction,  the  direct  crushing  force  is  seldom  brought 
ion  to  that  extent  that  the  metal  is  crushed  to  pieces.  Accidents 
ly  occur  from  the  lateral  flexure  of  castings,  produced  through  a 
ry  of  stifi&iess  in  the  deflective  part. 

rder  that  the  various  qualities  of  diflerent  metals  may  be  readily 
d,  and  that  the  variations  which  occur  in  each  may  be  seen  at  one 
mlts — collected  from  the  preceding  tables,  and  from  all  the  forms  in 
le  several  metals  were  tested — are  given  in  the  following  table : — 


VARIOUS 

QUALITIES  or  ] 

DIFFERENT   METALS. 

Density  ' 

Tenacitj. 

Ultimate 
torsion. 

Comprcs. 
strength. 

Hardness. 

\  Least       .    . 

6-900 

9000 

5605 

84529 

4-57 

on 

i  Greatest  . 

7-400 

45970 

10467 

174120 

33-51 

;ht-ircm 

[Least 

7704 

38027 

•  • 

40000 

10-45 

[Greatest  . 

7-858 

74592 

7700 

127720 

12-14 

[Least 

7-978 

17698 

5511 

•  • 

4-57 

i 

[Greatest 

8.963 

56786 

•  • 

•  • 

5-94 

xicl 

[Least 

[Greatest 

7.729 

•  • 

•    m 

198944 

•  • 

7.862 

128000 

391985 

•  • 

table  shows  the  great  range  in  quality  of  the  cast-iron,  wrought-iron, 
and  steel  operated  on.  By  judicious  treatment  the  tensile  strengtii 
Lst-iron  is  increased  so  as  to  be  in  excess  of  much  of  tiie  wrought-iron 
tured,  and  nearly  two-thirds  of  the  strength  of  the  best  merchant  bar- 
iTith  cast  metal  of  this  quahty,  the  manufacture  of  malleable  iron 
3  will  no  longer  be  a  desideratum. 
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CnATTER  ^'TTT 

MASfFACTURE  OF  WHOCOHT-IBOS, 

The  convoision  of  tlia  crude  cuBt-iron  of  tho  higli-blnst  furnace  into  the 
mullciibli'  ii'uu  of  coniuiurcL',  is  c&seutiallj  n  Euccesaion  of  refiming  operation) 
for  tLc  Bt'iiaiutiou  of  tlic  ejtlnmeoua  niBltcrs  combined  with  Hie  metaL  The 
UDUiicr  iu  w]iii;h  this  in  {Locuiupliiihed  varies  in  differeut  districts,  and  is,  in 
iwirt,  iiilluwifcd  Ly  the  nnturu  of  the  nlluyed  matter.  Tlie  old,  and  hitherto 
pruferaljle,  process  couKista  in  cxpoaing  the  molten  metal  to  currents  of  1)1»"1 
for  two  or  tUruo  hours,  iu  a  low  open  bloat-fumace,  technically  termed  ■  "re- 
finery." la  uiuuy  worka,  rcvcrberotory  furnaces  are  employed,  ■nd  the  emit 
metaJ  is  exposed  un  Ulc  central  bed  to  tlie  action  of  a  highly-heated  colom* 
of  t'lis  from  tliQ  lire-pbicc,  for  about  an  hour  and  a  half.  Several  of  the  Fraich 
and  jVmcrii'an  mamifuctuivre  employ  the  open  cliarL-oal  forge,  similar  in  oon- 
BtructiDU  to  the  CaliJuu  hcortli  tthcwdy  di-suribcd.  It  may  be  remarked,  ho*- 
eviT,  lliiit  whatever  coustnictiou  of  furnace  be  employed  for  the  pnipose. 
atmusphuiii;  air  is  Uie  iiriiicipal  agent  emphiycd  iu  purifj-ing  the  crude  iron- 

TJia  Bhitt  EeJiniHg  Fariuict 
Ib  built  near  the  Uasl-furuacc,  from  whence  the  liquid  kou  flows  to«t 
hilo  the  heojUi  of  llie  lire.    It  consists  of  a  (.■ast-h-on  fmmcwork,  snnnonnted 
by  a  brick  cliimuej';  at  tlie  bottom  isa  alioUow,  quiul- 
ronguhir  liumlh,  uilu  which  dip  the  tnycres  of  tivo  or 
more  hlaiit-pijtcs.     The  sides  of  the  hcarllt  ai'o  foiiucd 
of  holluw  cast-iron  blocks,  through  wliich  wntcr  circu- 
lates lo  keep  them  front  fusing  'with  tha  high  teiupcia- 
turc,  while  the  bottom  ia  of  rcfiuctory  simdstono.    In 
Iront  lis  u  cost-iron  dam-ptute,  famished  with  a  lapping 
hole  for  witlidruwhig  the  reliiied  metal ;  the  inner  side 
bchig  protected  willi  brick  or  clay  lining.    A  shallow  I 
mould,  formed  of  thivk  ctist-irun  blocks,  poriiully  suh- 
pcnded  iu  a  cistern  of  itmuiiig  water,  ia  jdaced  in 
liout  of  a  dmii-plat      t  '       ll       1    r"    f         tl  c 
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hearllii  water  also  circuL  team  the tU3cres  to pre^ ent tl  eir lower extremitiM 
from  huming.  The  bla^t  is  admitted  by  a  largo  pipe  to  the  Talve-bos,  from 
which  its  encape  to  the  blast-nozzle  is  regulated  by  a  closely -fitting  stop- valve. 
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A  single  refinery,  or  one  blowing  from  one  side  only,  will  have  a  hearth  about 
three  feet  square  in  the  inside,  by  eighteen  inches  deep ;  a  double  refinery,  or 
one  blown  from  two  sides,  has  a  heartli  about  four  feet  square  and  twenty-one 
inches  deep,  with  pipes  about  an  inch  and  a  half  bore  at  the  point.  A  sec- 
tional elevation  of  a  blast  refinery  is  given  in  the  preceding  page. 

The  refining  of  the  crude  iron  is  conducted  somewhat  in  tlie  following 
manner : — Tlio  hearth  is  filled  witli  coke,  and  the  blast  parthilly  applied,  imtU 
the  interior  has  attained  a  liigh  temperature.  If  working  on  cold  iron,  a 
quantity  of  pigs,  weighing  from  twenty  to  tliirty  per  cent.,  are  thrown  in  on 
the  incandescent  fuel,  and  covered  with  additional  coke.  Tlie  full  blast  is 
now  applied,  and  tlie  fire  urged  so  as  to  attain  an  intense  heat ;  additional 
fuel  being  added  as  required  until  the  pigs  of  iron  soften,  and  gradually  fusing, 
&11  through  the  interstices  formed  by  the  coke  to  tlie  bottom.  By  means  of 
iron  bars,  the  attendant  keeps  the  infused  portions  of  metal  under  the  influ- 
ence of  the  heat  aroimd  the  tuyeres ;  and,  fmally,  stirs  up  the  contents  of  the 
hearth,  to  ensure  the  perfect  reduction  of  tlie  entire  cliarge.  Wlien  tlie  entire 
charge  has  been  collected  on  the  bottom  of  the  hearth,  tlie  refining  process 
may  be  said  to  commence.  The  union  of  the  oxygen  of  the  blast  \yi\h  the 
soUd  carbon  combined  with  the  metal,  results  in  such  a  ra])id  evolution  of 
gaseous  Cfurbon,  that  the  mass  spontaneously  boils  up,  rising  several  inches : 
the  superincumbent  stratum  of  fuel  rises  also,  and  vibrates  witli  the  move- 
ment of  the  boiling  metal,  while  innumerable  minute  globules  of  oxidized  iron 
are  thrown  out  of  the  chimney.  Considerable  skill  is  required  in  managing 
the  blast  to  a  successful  issue.  The  angle  at  wliich  the  pipe  dips  into  the 
hearth,  appears  to  be  of  importance  to  the  process ;  each  refiner,  however, 
works  his  blast  according  to  his  own  judgment.  The  several  portions  of  tlie 
charge  are  successively  brought  under  the  oxidizing  influence  of  tlie  blast,  so 
as  to  be  equally  acted  upon,  until  the  major  portion  of  the  carbon  being  dis- 
engaged, indicates  the  approaching  completion  of  the  process.  The  fire- 
clay *'  stopping**  of  the  dam-plate  is  now  removed,  and  the  metal  and  cinder 
allowed  to  flow  into  the  shallow  mould  in  front.  When  collected  in  the 
mould,  the  water  is  thrown  rapidly  over  it,  cooling  the  surface  portions,  and, 
at  the  same  time,  oxidizing  a  portion  of  the  iron.  The  cinder,  by  its  infciior 
specific  gravity^  separates  itseK  from  the  metal,  rising  to  the  top,  in  which  it 
is  partially  assisted  by  the  attendant  beating  the  molten  mass  with  an  iron  bar. 
On  the  first  application  of  water,  the  steam  produced  lodging  in  the  viscid 
ciiider,  swells  it  up  several  inches ;  tliis  is  broken  down  by  the  beating  as  fast 
as  it  rises,  in  order  that  the  water  may  the  more  readily  reach  the  lower 
portions. 

When  cold,  the  plate  of  refined  iron,  which  may  be  about  tlirce  inches 
thick  by  three  feet  wide,  is  removed  by  a  carriage  to  the  banlt,  where  it  is 
broken  into  pieces  of  a  size  convenient  for  the  succeeding  operation  of  pud- 
dling. The  fracture  of  good  metal  exhibits  a  silvery  whiteness,  wliile  that  of 
inferior  kinds  is  perceptibly  duller.  On  the  surface  it  is  rough,  and  covered 
with  irregular  cavities,  to  which  the  name  of  honeycomb  has  been  given  from 
some  fimcied  resemblance  to  that  substance.    The  depth  of  this  cellular  struc- 
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turo  varies  witli  tlic  quality  of  the  metal  and  length  of  Uowing,  being  laMtia 
the  best  irons  witli  a  limited  blowing. 

The  chemical  effects  of  the  blowing  an  not  well  imdentood,  lesentlia 
into  the  several  reactions  which  take  place  in  the  health  having  been  almost 
wholly  ueglected.  By  carefully  analyzing  the  teaulting  fine  metal  and  iti 
accompan}'ing  cinder,  and  comparing  the  resolts  with  the  analyses  of  audi 
iron  and  cinder,  some  light  was  thrown  on  the  sobject,  which,  pending  tiw 
completion  of  extensive  experimental  researches  now  in  progress,  the  anthor 
would  sum  up  as  follows : — The  metal  and  cinder  together  represent  thi 
crude  iron,  witli  oxygen  derived  from  the  blast,  and  solid  matters  derived 
from  the  fuel :  the  quantity  of  matter  derived  from  the  material  of  the  hetift 
is  too  inconsiderable  for  remark  here.  Refinery  (dnder  contains  a  luge 
per-ccnttigo  of  silica,  wliich  must  have  been  derived  principally  from  Ae 
iron ;  it  also  contains  protoxide  of  iron  to  a  large  amount,  fixim  the  mm 
source ;  phosphoric  acid  is  a  constituent  to  the  extent  of  three  to  firar  pff 
cent,  in  some  specimens ;  sulphur  is  a  common  ingredient,  but  may  him 
been  derived  in  part  from  the  fuel.  Manganese,  magnesia,  and  lime  exist  ii 
small  quantities ;  ahunina  to  the  extent  of  five  or  six  per  cent.  After  dednetittg 
the  ash  of  the  fuel  and  tlic  protoxide  of  iron,  there  remains  a  considenble 
quantity  of  eartliy  matters,  the  presence  of  which  can  only  be  accounted  far 
on  the  supposition  Uiat  tlicy  have  been  derived  from  the  crude  iron,  and  thtt 
to  this  extent  the  cast-iron  has  been  purified  of  allo}'s. 

Puddling  the  Refined  Metal. — The  fiutlier  refinement  of  the  iron  from 
the  blast  refiiiing-furnaco  is  conducted  in  reverberatory  furnaces,  tcclmicallj 
termed  "  puddling-fnniaces,"  in  which,  by  skilful  manipulation,  it  is  deprived 
of  most  of  the  remaining  alloy.  The  puddUng-fiimacc  consists  of  a  rectan- 
gular erection  of  iron  plates,  nearly  six  feet  high,  the  same  distance  between 
the  two  sides,  and  twelve  feet  long,  lined  tliroughout  with  fire-brick.  At  one 
end  is  a  iire-placo  about  three  feet  square ;  divided  from  the  fire  by  a  brick 
brid<,'e  is  the  body  of  tlie  fnniace,  six  or  seven  feet  long,  and  tlirce  and  a-hilf 
feet  ^\^de  at  its  widest  part,  restuig  on  a  cast-iron  bottom-xdatc,  on  a  level 
nearly  with  the  bars  of  the  fire-j)lace  :  the  farthest  end  of  the  furnace  is  con- 
tracted to  eipfhteen  inches  in  widtli,  where  it  joins  a  brick  cliimney  thirty-fiTe 
to  forty  feet  lii;^h,  furnished  with  a  damper  at  top.  The  fumaco  is  arched 
over  witli  fire-brick ;  and  to  prevent  the  sides  from  being  thrust  out  by  the  ex- 
pansion of  the  heat^Ml  bricks,  a  number  of  stout  WToughtiron  bolts  connect  the 
two  side-plates,  wliich  receive  tlie  thrust  of  the  arch.  At  one  side  of  tlie  body 
a  worldng-door  is  placed,  in  a  stout  cast -mm  frame ;  the  bottom  eight  or  ten 
inches  above  the  iron  bottuiii  of  the  fumaco.  The  door  is  moved  verticaDj 
by  a  balanced  lever,  the  inner  side  fitted  with  a  brick-protecting  lining,  and 
is  funiLshed  at  bottom  with  a  small  notch,  for  the  insertion  of  the  iron  bars 
used  during  the  operation.  The  firo-place  has  a  small  lateral  opening  for 
charging  fuel,  whi(;h  is  aften\nrda  stopped  bj*  a  large  piece  of  coal.  The 
cinder  produced  dining  the  jnuldhng  process  flows  over  a  small  bridge  in  the 
Hue,  and  tlirough  an  opening  in  tlie  bottom  of  the  stack  to  tlic  outside.  To 
maintam  the  stream  of  cinder  sufficiently  hquid  for  numing,  a  small  conl-fire 
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,  xnaintained  at  the  foot  of  the  chimney,  from  whence  the  cinder  flows  into 
receptacle  provided  for  the  purpose. 

The  cast-iron  bottom  plate  is  supported  at  short  intervals  by  cross-bearing 
Eirs  and  pedestals ;  air  is  allowed  free  access  to  it  from  below.  Indeed,  with- 
al this  precaution,  the  bottom  would  be  immediately  fused.  Occasionally  a 
ortion  of  the  brickwork  of  the  side  of  the  furnace  next  the  body  or  working 
art  is  removed,  and  cast-iron  blocks,  cooled  by  a  current  of  air  or  water, 
ibstituted. 

Assuming  tliat  a  cliarge  has  been  withdrawn  from  the  hot  fiimace,  the 
recess  is  recommenced  by  charging  through  tlie  furnace  door  a  quantity 
f  refined  metal,  broken  into  small  pieces  :  from  four  to  five  cwts.  constitute  a 
hazge.  The  pieces  of  metal  are  evenly  distributed  over  the  bottom,  as  far  as 
•ractiGable  in  an  inclined  position ;  the  door  shut,  and  a  little  dust  thrown 
round  its  edges  to  exclude  the  cold  air.  Attention  is  now  directed  to  the 
ire,  which  should  be  cleaned,  fresh  fuel  added,  and  the  damper  fully  opened, 
0  allow  of  an  intense  heat  being  generated  in  a  few  minutes.  The  edges  of 
he  pieces  of  metal  soon  attain  a  white  heat,  and  begin  gradually  to  soften ; 
he  portion  of  Uie  charge  next  the  fire-place  attaining  a  melting  temperature, 
rhe  "  poddler,"  as  the  attendant  workman  is  called,  Tsdth  a  stout  iron  bar 
uaerted  through  tlie  notch  in  the  door,  lifts  up  tlie  coldest  pieces  and  pushes 
hem  forward  into  the  hottest  parts  of  the  fiimace,  until  the  whole  is  nearly 
lissolved  into  a  liquid  mass.  When  a  portion  of  the  iron  has  been  melted, 
he  hooked  bar  is  inserted,  and  the  entire  mass  raked  up  and  exposed  to 
he  reverberating  action  of  the  hot  gases  from  tlie  fire.  At  this  stage  the 
naide  of  the  furnace  presents  a  scene  of  intense  brightness,  and  an  in- 
xperienced  eye  is  unable  to  distinguish  the  metal  through  the  dazzling 
rhiteness  of  the  whole  of  the  interior.  Through  tlie  small  notch  in  the  door, 
he  puddler  conducts  the  operation  by  constantly  raking  up  the  fluid  iron,  in 
•rder  that  the  gases  of  the  reverberatory  current  may  play  on  the  whole,  thus 
ifling  from  the  bottom  any  portions  that  may  have  set,  through  lowness  of 
emperatore.  Since  the  current  has  no  power  to  penetrate  the  liquid  iron. 
Ad  thns  combine  with  the  carbon  and  other  alloyed  matters,  as  in  the  blast- 
efineiy,  the  puddler's  principal  duty  is  to  mechanically  agitate  the  particles, 
o  that  every  portion  may  be  successively  brought  in  contact  with  the  free 
ixygen  in  the  current.  The  assistant  puddler  attends  to  tlie  fire,  which  he 
rmrn tains  in  full  activity ;  at  other  times  he  relieves  liis  partner,  or  works  in 
ionjanction  with  him.  After  some  time  thus  occupied,  the  puddler  will  have 
teparated  the  larger  portion  of  the  alloyed  matters  from  tlie  iron,  and  brought 
t  to  that  point  technically  known  as  '*  coining  to  nature."  Wlien  this  is  the 
iase,  the  metal  is  seen  to  attain  consistence,  and  a  curdy-like  matter  is  col- 
ected  by  the  hooked  bar ;  this  rapidly  augments,  until  a  sufficiency  has  been 
collected  together  to  form  a  baU  or  bloom.  A  second,  third,  fourth,  and  fifth 
coUection  is  saceessively  made  and  placed  aside  in  the  furnace.  The  charge 
of  refined  metal  will  tlius  have  been  converted  into  five  portions,  but  some 
irorkmen  divide  it  into  seven  or  eight.  While  collecting  the  metal  into  balls, 
a  somewhat  lower  temperature  prevails ;  but  immediately  they  are  formed<»th& 
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(UmLpcr  is  a^jnin  opened,  and  Uie  heat  of  the  Aunace  forced,  bo  u  to  npidlf 
aggLuliuntc  the  particles  of  metal  in  tlie  balla.  Dining  the  nJmig  sod  stiiti^ 
of  tlio  fluiil  iron,  tho  door  ia  wedged  last  in  the  frame,  for  ^hich  puipow  Iba 
latter  requires  to  he  made  vcryBtrong,  This  securingof  the  door  is  especul^ 
requiiiita  in  forming  tho  blooms,  since  with  the  heavy  hooked  bar  it  tffoidi 
tho  puddler  au  uxcullunt  fulcrum  for  compressing  and  hugging  the  bBll,taei- 
pel  as  much  as  possible  of  tho  cinder,  aud  at  Ute 
same  time  give  it  a  fnroumble  fomi  for  yield.  Tho 
fonnatioQ  of  the  bulls  completed,  tlie  damper  is 
loivcred  and  tho  door  opened :  they  arc  now  -with- 
drawn au<I  conveyed  to  tlio  squeezer  or  hammer, 
for  cumpresKion  into  oblong  blooms.  The  jield 
or  produce  of  blooms  ivill  amount  to  nearly  ninety- 
five  per  cent,  of  the  metal  charged ;  the  consump- 
tion of  coal-fuel  averaging  in  freight  one-half  as 
mucli  as  tlint  of  tlie  bluums  produced. 

A  superior  economy  of  fuel   is   obtained  by 
longlhcning  the  body  of  tlic  furnace,  so  oa  to  admit 
of  tlio  Bucceeiliiii;  clinrgo  being  placed  on  the  part 
of  tlio  liutlom  adjoining  the  stack,  some  limo  before 
tlio  chorine  under  opcintion  is  wiAdranii.     In  tliis 
wny  the  new  charge  ia  heated  to  rediics3  without 
Bcrioua  detriment  to  tlio  charge  in  course  of  being 
bailed  up,  nnd  a  considcmble  saving  of  time  and 
fuel  ia  efl'ectud.     Tlie  furnace  produces  nearly  one- 
fourth  more  blooms,  witli  the  some  daily  consump- 
tion of  flip],  by  this  process.    Economy  of  time  and 
fuel  is  still  further  increased  by  drawing  the  supply 
of  rafuied  metal  direct  from  llie  £ning  hearth  in  a 
fiuid  state ;  tlie  fuel  and  time  expended  in  melting 
tho  iron  being  liioreiiy  saved.     This  mode  of  work- 
ing, however,  has  not  been  extensively 
adopted;   dillicultics  having  been  met 
ivitJk  in  effectually  si'poratiug  Ijie  re- 
fined iron  fiuni  its  accumpMij'- 
ing  cinder. 

The  relliiing  of  crude  iron 
in  tho  reverbcralory  funincc, 
embraces  in  one  fiinutco  tlie 
separate  operations  of  refining 
and  puddling.  Iii  dimcnsioua 
and  gcneriil  arrangements,  the 
fumacES  emjiloyed,  known  iu 
the  trade  as  "  boiling  fumnces," 
ore  Tcry  similar  to  puddling, 
furnaces.    Tho  charging  and  fiiat  part  of  melting  are  similarly  condnctedin 
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processes ;  but  after  the  ftudon  of  the  crude  iron  on  the  bottom  of  the 
ice,  the  afypearances  presented  ore  very  dissimilar  to  those  with  refined 
L  At  first  the  liquid  iron  forms  a  level  sheet,  which  gradually  swells  up 
the  rapid  manipulation  of  the  workman,  until  it  has  risen  six  or  seven 
38  above  its  former  level.  The  entire  mass  appears  to  heave  and  boil ; 
merable  eruptions  arise  on  its  surface ;  and  burstiog,  discharge  their  pent- 
oses. The  puddler  must  be  incessant  in  his  manipulations ;  every  portion 
be  xaked  up  and  exposed  to  the  oxidizing  influence  of  the  current  of  the 
I,  until  the  diminished  action  shows  the  near  completion  of  the  refining 
of  the  process.  At  this  stage  a  careful  manipulation,  with  a  judicious 
lation  of  the  temperature,  results  in  the  segregation  of  the  iron  into  particles 
^Bsty  consistence,  which  eventually  agglutinate  by  pressure  into  masses 
B  required  size  for  blooms.  The  conclusion  of  the  process,  the  drawiug- 
>f  the  blooms  and  recharging,  differs  from  this  part  of  the  puddling 
)ss  only  in  the  tapping  off  the  larger  portion  of  the  cinder  produced 
008  to  recharging. 

he  rising  of  the  molten  mass  appears  to  result  from  Uie  expansive  action 
B  Tecently-formcd  gases  against  the  viscid  cinder.  By  attention  to  the 
ezatore  and  consistence  of  this  cinder,  the  rising  may  be  partly  con- 
id  ;  bat  the  nature  and  quantity  of  the  alloyed  matters  greatly  influence 
looess.  Since  the  carbon  combined  with  the  metal  has  to  be  eliminated, 
fst  converting  it  into  carbonic  acid,  a  greater  or  less  amount  of  carbon 
result  in  a  corresponding  rising,  and  lengthened  manipulation,  for  its 
II1T8  to  the  oxygen  of  the  reverberating  column  from  the  fire-place. 
oootaining  a  maximum  per-centage  of  carbon,  with  a  deficiency  of  earthy 
sra  in  alloy,  is  refined  with  difficulty ;  and  requires  an  addition  of  ciuder 
the  mill-rollers,  to  protect  the  metal  from  a  too  rapid  oxidation.  Crude 
of  this  character  also  works  hot  in  the  furnace,  and  great  difficulty  is  met 
in  bringing  it  to  the  agglutinative  point  for  bulling  up.  This  probably 
I  firom  the  heat  evolved  by  the  combustion  of  Uie  excessive  per-centage 
jcbon  in  the  crude  iron.  Where  the  quantity  of  carbon  is  large,  as  in 
lootch  irons  smelted  from  carbonaceous  ores,  tiie  heat  thus  evolved,  with 
tuple  supply  of  air,  is  sufficient  to  raise  the  temperature  to  a  degree 
ions  to  the  successful  manipulation  of  the  iron,  and  dangerous  to  the 
I  bottom.  Throughout  the  process,  also,  the  temperature,  from  the  same 
U  is  less  under  the  control  of  the  workman. 

ariouB  inventions  have  been  tried  as  auxiliaries  for  the  more  perfect 
«tion  of  the  matters  in  alloy,  but  very  few  have  stood  the  test  of  expe- 
e.  The  application  of  steam,  ofc  one  time,  promised  to  be  an  essential 
yvemeaat.  High-pressure  steam  was  conveyed  in  pipes  to  the  bottom  of 
nolten  iron  in  ^e  blast  or  reverberatory  refiningfumace ;  and  in  its 
«  npwards,  agitated  the  iron,  thereby  increasing  the  surface  exposed  to 
ction  of  the  air  in  the  gaseous  current  from  the  fire-place.  The  white- 
nm  decomposed  the  steam  into  its  elements  of  oxygen  and  hydrogen ;  a 
ya  of  the  former  reacted  on  the  carbon  in  the  moss,  producing  carbonic 
idiile  the  latter  was  free  to  combine  with  any  sulphur  present.    With 
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some  irons,  tho  increase  of  temperature  on  the  combiutioii  of  the  cazlKm  vu 
considerable,  and  greatly  expedited  the  operation.  TheotetiGally,  it  seemed 
that  Uie  use  of  perfectly  dry  steam  ahonld  leave  little  to  be  effected  in  Q» 
way  of  refining  crude  iron ;  and  the  &ct  of  the  invention  having  been  n- 
pat(>nted  five  or  six  times  within  the  laet  few  yean,  shows  that  much  attentioa 
is  directed  to  it.  Nevertheless,  the  use  of  steam  has  been  abandoned  in  the 
works  where  first  tried,  and  the  realization  of  the  theozetieal  advantages  is 
still  a  desideratum,  Mr.  Nasmyth,  who  last  tried  the  experiment, having  come 
to  tlie  conclusion,  after  many  experiments,  that  the  stram-condenser  had  the 
efTect  of  reducing  the  temperature  of  the  metal  in  the  furnace. 

Tlie  separation  of  the  alloyed  matters  has  also  been  attempted,  by  adding 
in  the  refining  process  various  substances,  singly  or  in  mixtoie.  One  of 
those  mixtures  consists  principally  of  oxide  of  manganese  with  chareoel, 
plumbago,  and  nitrate  of  potash.  In  a  second  mixture,  the  ingredients  woe 
tap  cinder,  haematite  ore,  coke  dust,  fire-clay,  and  chalk ;  a  third  was  com- 
l)osod  of  sulphur,  nitrate  of  potash,  potash,  borate  of  soda,  and  sulphate  of 
nhnnina ;  a  fourth  consdsts  of  peroxide  of  manganese,  common  salt,  and pottei^s 
clay.  These  and  other  patented  compositions,  however,  have  not  answered  ia 
])vaclicc.  Ground  haematite,  nearly  free  from  silicious  matter,  added  in  enuJl 
([uantities  at  a  time,  faciUtatos  Uie  puddling  o|K?ration,  as  also  do  rich  oxides 
•^'cnorally ;  but  it  is  essential  that  Uiey  be  free  from  deleterious  substances. 

The  refiiiin;:r  of  tho  iron  by  the  decomposition  of  water,  has  also  bees 
several  times  attempted.  This  is  done  by  pouring  the  liquid  iron  into  a  quan- 
tity of  wator  suflTiciently  large  to  prevent  the  iron  heating  it  above  the  boiHiig 
point.  The  white-hot  iron.  falHiig  in  finely  divided  streams,  decomposes  a 
l)ortion  of  tlic  water,  liberating  oxygen,  wliich  reacts  on  the  carbon ;  the 
hydrogen,  similarly  set  free,  acts  on  tho  sulphur,  thus  forming  sulphuretted 
hydrogen.  Cold  iron,  immersed  in  water,  appears  to  slowly  undergo  a  similar 
alteration  of  composition ;  but  in  tliis  case  a  portion  of  the  metal  is  oxidized. 
The  invention  is  a  very  old  one,  having  l>een  used  more  than  half  a  century 
ago.  It  was  recently  made  tlio  subject  of  a  patent,  wliich  a  proYessor  d 
metallurgy,  in  his  inaugural  address,  adduced  as  a  striking  instance  of  the 
ignorance  prevailing  among  manufacturers.  Chemically,  however,  the  dis- 
cliarghig  the  iron  into  water,  is  a  valuable  invention ;  while,  practically,  the 
odour  of  sulphuretted  hydrogen,  evolved  during  the  pouring  of  sulphmy 
irons,  is  too  apparent  to  doubt  the  good  efTect  produced  on  the  quality,  when 
the  operation  is  properly  conducted. 

Tlio  refining  of  ircm  in  reverberatory  furnaces,  is  sometunes  practised  on 
the  liquid  metal  nm  direct  from  the  blast-furnace.  A  saving  of  fuel  resnlts 
from  tliis  procedure,  and  the  quaUty  appears  to  be  slightly  improved  when 
skD fully  conducted.  It  necessitates  the  erection  of  the  reverberatoiy  furnace 
and  forge  close  to  tlie  blastfurnace,  which  is  a  disadvantage  in  the  majority 
of  works,  and  leads  to  a  temperature  in  the  forge  almost  unendurable. 

Shingling  Puddle  Balls, 
Tho  white-hot  balls  of  the  puddling  furnace  are  removed  to  the  hammer, 
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farther  shi^ed  before  passiiig  tliroagh  the  roUcia  The  farge-hanuner, 
he  IS  nauallf  of  a  f  foim  on  the  plan  resting  at  each  vcing  on  caat- 
pdlara  fixed  m  ponderoDS  standards  and  lifted  at  the  narrow  end  hj 
ctaRg  cams  fixed  in  a  cast-iron  nng  piece  which  receives  a  revolving 
)n  from  a  steam-engine  or  other  mobve  power     Hie  anvil  is  fixed  in  a 


ive  iron  block,  weighing  eeveral  tons,  situate  between  the  cam-ting 
helve  standards.  The  hammer  is  a  loose  piece  of  iron  fixed  in  a 
it  in  the  helve.  When  not  in  operation,  it  is  propped  up  at  a  distance 
B  the  anvil,  and  beyond  the  reach  of  the  cams  in  their  revolution.  The 
e  apparatne  rests  on  a  stont  iron  bed-plate,  which  is  firmlj  spiked  down 
ponderous  wooden  bedding,  employed  for  the  purpose  of  reducing,  as 
1  as  practicable,  the  injury  which  results  from  tho  vibration  of  the 

!he  hammer-man  takes  hold  of  the  hot  pnddlcball,  and  lifting  it  on  the 
I,  allows  the  hammer  to  Ml  on  it  a  few  times,  giving  it  a  turn  between 
blow  to  approximate  it  to  the  square  or  cylindric^  form,  as  may  bo 
ned.  He  then  skilfully  raises  it  on  end ;  and  allowing  the  hammer  to  give 
;aaple  of  blows  in  this  direction,  completes  the  "  upsetting,"  as  it  is  tech- 
Uy  termed,  and  again  proceeds  to  the  reduction  of  the  bloom  to  a  short 
Sve  or  six  inches  in  diameter.  The  cfiect  of  the  severe  hammering  is  to 
d  B  large  qnantity  of  tho  cinder  wrapped  up  with  the  iron  in  tho  porous 
lie-ball,  and  by  condensing  the  particles,  othemise  improve  the  quality 
le  product.  Hammering  each  ball  lasts  twenty-five  or  thirty  seconds,  in 
ih  time  it  may  receive  thirty  or  forty  blows.  To  keep  the  anvil  cool,  and 
ent  the  adhesion  of  cinder,  a  small  stream  of  water  is  occasionally  directed 
L  The  still  red-hot  bloom  is  taken  direct  to  the  roughing  rollers  of  the 
Uing  train,  and  rapidly  rolled  down  to  a  bar. 
Ih«  foi^hanuner  has  been  nearly  supplanted  by  the  eqae«i«i,  ftincAecn 


aas 
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contrivRRce  of  some  merit  It  consist*  essontuUlj  of  ■  p<mdennis  eaatins 
lerer,  vibrating  on  centregndgeone,  KndirroaglitbjaooBiiectiiig-TadittMlud 
to  the  crank,  placed  on  w.  level  with  Uie  poddling-roUen.  The  imder  tmlM 
of  one  end  carriee  a  hammer  face;  imdemesth  this  u  fixed  to  the  nuMin 
frHuicwork  of  tl)c  apparatus  a  long  and  lomewhat  hnwd  anvil  Uoek:  toft 
hammer  and  anvil  are  kept  from  bnnungont  by  a  stream  of  water  drcnbtiDg 
throiifih  til  em. 

Tlio  reduction  of  the  ball  to  a  cylindrical  bloom  in  the  aqueeser,  ii  pR>' 
formed  hy  a  scries  of  sqncozinga ;  bnt  as  tho  stroke  given  to  the  lever  bj  ftc 
crank  is  invariable,  the  spiLco  between  tho  hammer  and  anvil  r^idadf 
diininishca  ton'Orda  the  fiUcntm.    In  the  process  of  sgneering,  ths  blocmii 


rolled  over,  nt  ench  stroke  of  the  lover,  by  a  movement  of  the  tonga,  ta  the 
narrow  pnrt,  until  tho  rcquii-cJ  dimiuution  of  size  has  been  effected.  Tie 
npsetting  is  performed  nt  Uio  extremity  of  the  lever,  where  the  Btroke  and 
space  togetlicr  afford  ample  licight  for  tho  bloom  endwise.  Care  is  reqmnd 
on  the  part  of  Ihe  shinglcr,  that  the  Unll.  if  hard,  is  not  rolled  towBjda  flu 
fulcrum  too  rapidly ;  for  if  this  should  occur,  the  apparatus  most  give  wrj  in 
some  part. 

Lever  squeezers,  in.  their  tnm,  havo  had  to  contpeto  with  nomennuin* 
TcntionB  professing  to  pcribiTn  thcbloomingof  the  ball  better  and  at  aeheapfr 
rale,  Fciv  of  them,  however,  have  been  able  to  stand  a  preliminary  trial ;  and 
even  those  invented  by  practical  iron-masters  hare  had  to  snccnmb  to  tbi 
common  sqaeczer  aud  hammer.  Tho  cost  of  blooming  by  either  of  tbcst 
apparatus,  in  ft  wellBrrangcd  forge,  working  toitsftillpower,ainonntatocHtly 
fivepenca  per  ton,  including  interest  on  capital  and  repairs,  lii  itYiAtg  » 
substitiito  for  either,  it  is  neccasaiy  to  bear  this  item  in  mind ;  for  it  is  vfiy 
evident  that  on  apparatus  which  works  at  a  higher  rate  cannot  SDCoesafaOy, 
in  a  commercial  point,  compete  with  its  cheaper  rival. 


BOLUMo  YHB  avotni. 


Ube  Bte«m-hftinmer  has  like- 
I  been  preMed  into  the  bck- 

of  (lie  iron  mann&etairar. 
i^pantDB  Buawen  Admir- 

the  TWying  work  of  the 
no-m&ker  uid  nuUwri^t ; 
for  iron'makiog  purposes  it 
essea  no  sapeiioritj  oTer  the 
raon  fbrge-hMnmer,  thoogh 
ibI  times  mcffe  costly.  The 
I  of  porous  iron  fixon  the 
ller  are  so  nearly  alike  in 

mnA  hAtdnesa,  tf^**  little 
ition    is   reqmred    in   the 
•B,  which  thiS  common  hem-    S 
pvea  with  great  rapidify.       I 

BoOiiig  tit  Bloom.  & 

lie  bloom  from  Uie  hammer  % 

q/Meiez  is  passed  first  be-  r 

■L  a  pair  of  ronghing-rollers  | 

ttaflordshirQ  theyare  called  | 

Uing-roUers"),  and  then  be-  g 

A  a  pair  of  finishing- rollers »  ^ 

Mnrert  it  into  a  flat  bar.  g. 

tm  pairs  ofrolleis,  and  their  = 


nically  called  a  "  bain." 
unonly,  the  rollers  are  six* 
orei^teeti  inches  diameter, 
diree  ot  four  feet  long,  with 
bearings  nine  <a  ten  inches 
leter,  and  square  or  fluted 
Bcting  ends,  by  which  thej 
drivsn.  Thej  are  cast  of 
Mbly  hard  iron,  and  bimed 
latbe  to  the  required  longi- 
Bal  section.  Very  strong 
osH  eov^  together  the  top 
bottom  rollers,  so  as  to  de- 
F  *hj  iron  simuJtaiieoasJy  in 
flame  direction.  Hie  cost 
.  frames  require  to  be  ex- 
'aa(fi.j  masaiTe,  and  sobstsa- 
r  fttted  widt  Bi^instiug  Bcrsws 


*J-'lt>  BLABT-BEFINED  AND  REYEBBERATOBT-rUByACS   IRON. 


and  nuts.  At  ouc  end,  the  traiu  of  rollers  is  connected  to  a  prime-morer 
^^oncniUy  steam),  by  which  they  are  driven  at  the  rate  of  tasty  or  ei^tj 
rt'voliitiiuis  ]H?r  minute.  The  inequalities  of  motion,  which  otherwise  wcnUA 
W  von*  griMit.  Are  mot  by  a  ponderous  fly-wheel,  revolving  with  the  same,  or 
even  ^'utor.  mpidity,  than  the  rollers.  The  general  axrangement  of  ft 
IMuldIo  bar  train,  including  the  sqneezer,  is  represented  in  the  preceding 
en^ni\  in*; :  the  end  view  of  the  same  in  page  228. 

Tho  blnnu  is  lir^t  passed  through  the  largest  groove ;  it  is  then  lifted  back 
o\«  r  (ho  toi^  rv^llor.  turned  one  quarter  around,  and  passed  through  the  nest 
!^n;ilUT :  roivating  the  process  until  it  is  reduced  to  a  square  bar,  sufficiently 
J  small  U'r  outer ing  the  Hat  grooves  of  the  finishing-rollers.  In  the  finishing 
(«air  ot*  i\'Uors.  a  reivtition  of  tlie  rolling  and  returning  reduces  it  to  the  n- 
«l*.i'.'.vxl  ^l-.i^-knoss.  wlion  it  is  delivered  as  a  puddle-bar.  From  first  to  last,  the 
l'\\'v.*.  iv*iss<-s  ihrvnwh  nine  or  ten  grooves,  and  is  reduced  from  ^yb  inehet 
d ■..;'.'.'.«  !iT  auil  tltte^u  iuohes  long,  to  a  flat  bar  three  inches  wide,  three-qnaitss 
ot  :;■'.  •..-.x-!:  tliiok.  AUvl  eleven  feet  long.  The  rolling  and  returning  overtbe 
',\'*.N  .w.'.viv's  A  n'.iiiute  tuid  a  quarter;  the  sliiugling,  half-a-niinute ;  and  from 
.'  s '.  ■T'l:'.:*..;  of  tho  r\'r\i;od  mottil  lo  the  deliver}-  of  the  finished  puddle-bar, 
* : x\;i '.  \  .  ".  .■  '  1 .'  V, r  :;  v.,i  ;\  b.:i If  will  h :i vo  el:i pseii. 

V  »'.*v.v'.,;.:til  *o  .;::\rv"uioe  is  obsorwJ  in  the  quaUty  of  puddle  iron,  from 
■./.*•  ;'V'  !v.-.'...v.s  V :'  rvviiis'.^.  Tl:o  bL:st  rvnned  iron  possesses  greater  fibre, 
t*  .:  '■'  .-^v.'  ,T  •■?.v.:ivvs  .^i  Krur  :uaUe;ible  iron,  than  tlic  product  of  the 
'\^,-\  •;./•%  :V,TV..4vV  C^or.'.iv-;;:  .-inalvsis  shows  tlio  latter  to  contain  ftn 
,\.\  vs  x*:  y*-  \<';*,:.r:;*  *::A  >■.:*.*/;: '.ir.  ;ind  also  a  larger  quantity  of  silicaD- 
V  V  •  v\ xc-.v  V-  ^T',Ji:.'r  .:"An:;:y  se^ms  to  pc-int  to  the  incompleteness  of 
.  x-  'v*v  -A  » ...  -%  •.•r.wstiL  :Vr  rvr.v.i-^.  Tl-.o  irv»ns  made  by  this  process  are 
^•.  *  <•:■>.>  '.  ;sV..:*  ii-.sz  :s.  rrlttlt*  ^hta  hot  .  and  incapable  of  being 
*    V-         ■  X     •,•..•.!•.■ 'T^-  tVrrv.*  .:  £:.i>::ii\i  bar-iron.    'When  cold,  however. 

*^     ^         .-.•■'.  .>..r  :1\^-  ^'iATSiv.:  :h:  irou  of  the  alloved  matters  can 

^'  •  '  V        •   .V  VI  *  s:- ,*i   ^■•.vr.iii.r..  without  the  emplojnnent  of  a 

V  .*  '  .  .■•*r.'s::~:'. :  :>  ;:  r,  r.r.i\i  ir.a  from  the   blast-refineiy 

*'*'*■*       *   .    "     \ /v  ^vt'-'vc^::.- ,:' : -jidlli-b&r  from  the  reverberatorr 

'     -^    •       "-    -.v  .    .   ;.t.^  ■..'o::  :.      :•".•«< r  at^'  zi:i\"  pure,  by  the  quantity  of 

*  •     '**v\.     ■     *     v^  ■  ...  .;  y.r.v,-ftv     v.. :>  .".if-A':  of  boileJ  bars  deserves 
' X  ,..  .  V  ■■.  ■;  ..c   .-.  ,r^-\rs  ::i  r-.rv  ihan  one  district,  whicb 

*  •*     *     ^    ■-■--■«  r  -.  iv..-.^  >"y»:r>.r  :-Al:d«s  c.f  merchant  iron. 

*  '    ^     '    •         •  -.   ri  ■  •..■ijlVv  J..::;c  fr:n  tho  ore:  the  sulphur 
•^     *•       '     '  ■    7**    •i--n.:'.'c    :j.;~.  ::  lie  biest  irv^ns,  especial 

*    ^'^     ^' '  V,   o..>^   .:',.:::>    ■:'  ii^   jrt  ii^^d  in  the  smelting- 

*---»-'■»  '-■-  -<>■«.■  *i>   .  :.->".—  ::  ;s  l.-^Iess  to  attempt  the 

*  .'^'  '     ■•     '      -v      .It.'  .u*     ;i:--,»i.-x-^  iz.  scr«s*t>iTseiit  processes, 
^•'•'  "'    ^    •         x^i^T'ux.v   .»  ii.,ijL.  tri  iOccr      Tiie  blast  refinery 

*    *  •    x^-^..     V.     ..!.:-;    'i-vx-^as  I  >4:.,vf^i  Tv'c^:c!.  jciii  the  reheatini; 

*  '    •  »  — ^-   ,^      **»^  -is  >.'sx:.-::^  2tilJr:iiirf  ir."c  is  still  contami- 
^     ..  ^^..^^     ,    li  :\%ttu   ('tittti^ct.^^  .c  UK  iHry.  wiiA  it  is  nearly 
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impossible  to  wholly  eradicate.  Pliosphoms  and  sulphur  are  commonly 
considered  the  substances  which  exercise  tlio  greatest  deteriorating  in- 
fluence on  quality;  it  is,  however,  highly  probable  tliat  silicon,  calcium, 
magnesium,  and  a  few  other  substances,  impair  the  quality  to  nearly  an 
equal  extent. 

The  cinders  produced  in  the  puddling  process  appear  to  be  of  a  different 
composition  to  those  from  the  boiling  furnace.  The  hitter  display  a  loj-ger 
•mount  of  lime,  phosphoric  acid,  sulphur,  and  silica ;  in  fact,  are  not  widely 
different  from  some  varieties  of  tlie  blast  rciinery  cinder.  By  adding  together 
the  constitncnts  of  the  refinery  and  puddling  cinders,  it  is  seen  that  the  x>i'o- 
portion  of  injurious  matter  removed,  relatively  to  the  quantity  of  iron,  is  vciy 
much  larger  than  in  the  boiling  process. 

A  difference  of  quality  is  observed  between  the  iron  worked  with  a  forge- 
hammer,  and  such  as  is  worked  with  a  squeezer.  The  foi-mcr  is  found  to  bo 
more  tenacious,  and  freer  from  cinder,  tlian  the  latter.  Tliis  difference,  it  is 
generally  believed,  arises  from  the  motion  of  the  squeezer,  which  is  gradual 
and  pressing,  while  the  hammer  violently  expels  the  impurities  by  heavy  blows 
given  in  quick  succession.  A  preference  is  very  generally  given  to  the  ham- 
mer, where  the  quality  is  considered  of  paramount  importance. 

The  balling-up  of  the  iron  in  the  puddling  process  is  a  liighly  interesting 
point  in  the  manufEusture,  insomuch  that  it  forms  tlie  connecting  hnk  between 
cast  and  malleable  iron.  Up  to  tliis  point  in  the  operation  tlie  iron  is  brittle, 
devoid  of  malleability,  and  melts  readily  at  a  temperature  between  2000  and 
9000  of  Fahrenheit's  thermometer.  After  the  balling-up  and  the  manipu- 
lation of  the  shingle,  the  iron  is  malleable,  tenacious,  and  fuses  only  at  a 
Tery  high  temperature. 

Chemical  analysis  hitherto  has  fioiled  to  inform  us  of  the  cause  of 
malleability  in  iron,  since  no  appreciable  difference  can  be  detected  between 
bar-irons  and  some  crude  cast-irons.  The  latter  may  be  deprived  of  its  alloy 
80  as  to  produce  an  iron  similar  in  composition  to  bars,  yet  the  malleable 
principle  is  wanting.  Crude  cast-irons  made  from  the  rich  hsematites  of 
Lancashire  and  Cumberland,  appear  to  be  less  brittle  than  others,  and  possess 
a  limited  amount  of  elasticity ;  in  other  respects,  however,  they  show  the 
characteristics  of  cast-iron.  Exposing  tliin  castings  from  these  ores  to  heat 
along  with  ground  hsematite  in  close  vessels  for  a  long  period,  results  in  the 
abstraction  of  most  of  the  carbon,  and  tlie  consequent  production  of  limited 
malleability.  Attempts  have  been  made,  and  are  now  making,  to  convert  th<} 
erode  cast-iron  into  wrought-iron,  by  a  system  of  blast-reiining  without  fuel, 
and  subsequent  appUcation  of  the  hammer  or  squeezer, — a  process  which  wo 
shall  describe  in  detail,  although  it  has  not  as  yet  attained  such  certainty  as 
to  justify  a  decided  opinion  of  its  merits.  Mere  refming,  however,  even  with 
the  addition  of  fluxes,  Mia  to  produce  malleable  iron.  Manipulation  to  a 
certain  extent  is  essential  to  the  development  of  the  malleable  principle,  which 
then  progresses  proportionately  with  tiie  working.  Various  oxides  and  sul- 
phixrets,  however,  possess  the  property  of  retarding  and  sometimes  entirely 
deafcroying  the  agglatinous  character  of  the  iron  at  the  critical  point.    Tlv^k 
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The  welding  priuciple  of  wron^t-ima,  alao  dereloped  at  dua  oitiMl 
point  in  the  opentioD,  is  equally  chancltaiatie  ti  the  -tigwi-^  pwyrtai  rf 
the  metal.  Here,  bIso,  analjais  fails  to  pcunt  out  the  acting  caoae  iriif  tent 
irona  are  capable  of  welding,  and  otheta  not ;  oat  doaa  it  axplajn  (he  naaon  tf 
iron  being  ao  pre-eminently  diatingaiahed  for  this  propeify  over  all  iAk 
mctab.  Various  theorieahaTs  been  propouuled;  but  the  moat  teiiUaeqk- 
nation  of  the  welding  appeaia  to  be  the  aoMHOtt  of  s  tpaa^tj  of  hM^ 
sufficient  for  aoft^ung  and  uniting  the  two  piaoea  bf  fwuw.  aonaUcaak^  , 
before  the  temperature  of  fosion  is  attained.  Ifatala^ppeMnttrdaradefttii 
principle,  retain  their  liardnesa  up  to  the  mommit  of  lit 
no  (^portuni^  is  offered  for  uttxai  in  the  malleable  ata 

Cutting  FvddU  Ban  to  Length. 
Tliis  is  perfbnncd  by  powerful  lever  dteats, 
drireu  by  the  some  power  as  the  rollen,  and  at  naarJiy 

proportiana  of  lb 
abeara  intended  it 
cutting  ban  cold,  ue 


than  for  bars  diiecl 
from  the  *!ni»iiiiig 
rollen.  KnireE,  im 
inehea  deep,  one  ud 
a  half  inch  widt, 
and  sixteen  iuche* 
long,  bolted  to  tbe 
fixed  and  moreaUg 
arm  of   the   appan- 

praportioii.  Onit 
cue  is  required  that 
the  kuivea  paaa  eadi 
other  w^  a  certak 
degree  of  tif^ilnea. 
or  the  wedge-lilce  le- 
tion  of  the  flat  bar  at  the  point  mej  break  off  the  moTeohle  arm.  Hub  i> 
more  especially  the  case  with  shcBTB  for  cutting  cold  iron,  which,  in  addition  to 
being  Iicpt  in  contact,  require  the  linives  at  all  times  to  be  clean  with  a  ihaip 
V-cutting  angle.  The  bnives  of  ehears  cutting  hot  bare  are  kept  from  aoftao- 
ingby  a  email  current  of  water  directed  against  them ;  but  the  same  di^n*  of 
shorpnesB  is  not  required  here  as  in  cold  bearing. 

Piling  tlw  Cut  PiuUlt  Bart. 
To  convert  the  puddle  bars  into  the  rariona  fonna  of  the  finished  maDealb 
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I  iron  met  with  ia  commerce,  the  short  pieces  from  tlic  cuttuig-shcars  are  piled 
I  one  on  the  other  to  form  a  mass  of  a  weight  suited  to  tlie  weight  of  the  bar  to 
be  operated  on.  The  piles  yary  greatly  in  size  and  arrangement,  according 
to  the  magnitade  and  purpose  of  the  finished  bar.  If  common  bar-iron  of 
average  size  be  the  order  of  the  day,  they  will  measure  some  two  feet  long 
and  four  inches  square ;  with  larger  sizes  they  measure  five  or  six  feet  long 
by  ton  or  twelve  inches  square.  A  nearly  uniform  size  in  the  pieces  com- 
posing the  pile,  whatever  be  its  dimensions,  is  essential  to  successful  results. 
The  piles  are  constructed  to  the  number  of  six  or  seven,  or  more,  on  an  iron 
inane  standing  about  two  feet  above  the  fioor,  from  whence  they  are  taken  as 
leqnired  by  the  workmen  engaged  in  bringing  them  to  a  wclding-hcat  pre- 
paratory to  rolling. 


Heating  Furnace, 

A  reverberatory- furnace  of  nearly  the  same  dimensions  as  the  pudclling- 
fnmace,  but  having  a  refractory  silicious  sand-bottom,  is  employed  in  heating 
the  piles.    The  bottom  is  rendered  even,  and  declines  from  the  charging-door 
to  the  back  and  flue,  for  the  flow  of  the  liquid  cinder.   Cast  iron  framing,  with 
tension  bolts  to  restrain  the  pressure  of  the  arched  roof,  and  the  same  power- 
ftil  chimney,  are  required  as  in  the  puddling  furnace.    The  piles  are  inserted 
into  tho  furnace  on  a  **  peeler,"  and  disposed  on  the  bottom  in  such  manner 
that  the  workman  can  readily  turn  them  over,  or  grasp  them  for  witlidrawal. 
The  nnmber  charged  at  one  time  is  inversely  as  the  size ;  but  for  small  piles 
of  the  dimensions  given  above,  they  may  be  taken  at  eight  or  ten.    "When  pro- 
perly disposed  on  Uie  bottom,  the  charging-door  is  shut  and  all  entrance  of 
lir  aronnd  it  prevented  by  a  thick  dusting  of  small  coal  or  ashes.    The  grate 
is  now  cleaned  of  adhering  matter,  coals  added  to  the  fire,  the  stoke-hole 
dosed  with  the  fuel  so  as  to  prevent  the  admission  of  air,  and  the  damper 
opened  to  its  widest    An  intense  heat  is  generated,  and  communicated  by 
deflecting  from  the  roof  to  the  charge  in  tlie  body  of  the  fiu-nace.    The  piles 
receive  the  heat  unequally,  those  nearest  the  fire-place  being  heated  first ;  it 
is  the  duty  of  the  attendant  to  inspect  from  time  to  time  tlie  condition  of  tlio 
charge,  and  by  exposing  them  alternately  to  tlie  strongest  action  of  the  fire,  to 
heat  them  to  the  same  temperature,  occasionally  turning  them  over  to  expose 
(he  under  side  equally  with  the  others.    Wlien  tlie  piles  arc  large,  turning 
orer  to  heat  the  under  side  is  tlie  only  operation  to  which  they  are  subjected 
in  the  fiimace.    At  a  white  heat  the  softening  of  the  iron  is  foUowed  by  the 
flowing  of  a  quantity  of  cinder  from  the  interstices,  wliich  runs  down  the  flue 
to  the  exterior  of  the  chimney.    Considerable  dexterity  is  rcquii'cd  in  manag- 
ing the  fire ;  for  though  in  tlieory  the  mere  heating  of  a  few  masses  of  iron  may 
seem  a  very  simple  operation,  in  practice  it  is  difficult  of  attainment  economi- 
cally.   The  flow  of  cinder  over  the  masses,  when  at  a  white  heat,  protects 
them  to  a  considerable  extent  from  oxidation ;  but  great  care  must  be  taken 
that  no  air  gains  access  to  the  iron  during  the  process.    If  tliis  precaution  be 
neglected,  and  air  enters  the  furnace,  either  tlirough  tlie  fire  being  too  open 
or  the  door  imperfectly  sealed,  tlie  metal  is  rapidly  oxidized,  fcnd.  ^e»X.VM»  \ 
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results.  The  particles  of  oxide  of  iron  fanned,  eventoaUy  oool  into 
scales,  which  cut  into  the  malleable  iron,  and  destroy  its  ocmtinnity  in  tiu 
subsequent  processes.  If  allowed  to  proceed,  the  oxidized  Bnz&ces  of  metil 
cannot  bo  brought  to  a  welding  condition ;  and  whatever  preegore  be  appfied, 
the  pieces  of  puddle  bar  composing  the  pile  cannot  be  foioed  into  nmon. 

It  may  here  be  remarked,  that  by  bringing  gaseous  and  solid  esibon  in 
contact  witli  the  oxide  in  the  blast-fumaoe,  the  oxygen  fixnns  new  ooBbintr 
tions.  liberating  the  iron  in  tlie  metallic  state.  The  snpeiior  affinity  at  ha^ 
temperatures  of  carbon  over  iron  for  ox3rgen,  has  been  taken  advantags  of 
from  time  immemorial  for  the  ready  sepanition  of  oxygen  in  oxides  of  ixoa. 
But  ill  its  progress  from  the  blast-furnace  to  the  sti^-Qf  a  finished  bsr  of 
malleable  iron,  in  tlie  absence  of  carbon,  the  iron  has  a  constant  tendenejto 
return  to  the  condition  of  an  oxide.  In  the  blast-refinexy,  one-half  of  the 
metiil  would  be  oxidized,  were  it  not  for  the  stratum  of  carbon  fuel  ooTering 
the  molten  iron,  and  which  decomposes  the  oxide  nearly  as  £ut  as  it  ii 
formed.  In  the  puddling-fumace  tlie  metal  is  unprotected  by  carbon,  ud 
the  greatest  core  and  skill  is  demanded  from  the  puddler  that  a  large  portios 
is  not  lost  through  wasteful  oxidation.  The  heating  process  is  similarly 
situated ;  access  of  air  to  the  iron  causing  a  portion  to  revert  to  its  oiigiDAl 
state  in  the  ore.  So  much  of  tlie  iron  as  is  thus  oxidized  in  the  several  ^ 
cesses  passes  back  to  the  blast-fumocc,  to  be  again  reduced  by  presenting  to 
the  oxide  Uie  carbon  necessary  for  liberating  the  metaL 

The  heating  the  charge  to  the  requisite  temperature  is  accomplished  in 
forty-live  or  fifty  minutes,  when  the  bars  are  withdra^Mi  singly  by  grasping 
iheiii  with  a  pair  of  hea\y  tongs,  and  convening  them  on  a  light  caziiage  to 
the  rollers.  A  frequent  practice  is  to  drag  the  wlute-hot  pile  on  the  meul 
floor  of  the  mill  to  the  rollers ;  but  such  a  proceeding  scarcely  ever  fails  to 
soil  the  iron,  and  injure  the  quality  to  a  slight  extent.  Where  the  quality 
is  sought  to  be  superior,  too  much  care  caimot  be  taken  to  keep  the  iron  from 
contact  with  deleterious  substances. 

The  cinder  flowing  from  the  iron  is  contaminated  by  the  addition  of  a 
portion  of  the  fused  sand  of  the  furnace-bottom,  as  also  by  the  small  quantitT 
of  brickwork  of  the  interior  fused  by  the  intensely  high  temperature.  T^^ 
composition  of  tlie  cinder  varies  witli  the  iron  and  treatment ;  generally  it 
contains  sixty  or  sixty-five  per  cent,  of  protoxide  of  iron,  twenty-nine  or 
thirty  of  silica,  witli  smaller  quantities  of  protoxide  of  manganese,  alamina» 
phosphoric  acid,  lime,  magnesia,  and  sulphur. 

Tlie  Boiling  Mill, 

The  rollers  used  in  this  process  vary  in  size  with  the  iron  to  be  rednoed : 
heavy  bars  are  rolled  between  rollers  of  eighteen  or  twenty  inches  diameter; 
lighter  bars  between  rollers  twelve  and  fourteen  inches ;  and  the  smallest  sizes 
in  mills  have  rollers  six  to  eight  inches  diameter.  A  heavy  rolling-mill 
consists  of  two  pairs,  distinguished  as  "  roughing"  and  "  finishing"  rollers,  inth 
shears,  saws,  and  other  appendages  for  completing  the  operations  on  the  bar, 
in  addition  to  the  eight  or  nine  heating-furnaces.    The  roughing-rollen  are 
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monlf  about  six  feet  long,  the  fin  lulling  about  half  aa  much;  ths  two 
s  are  coupled  u  m  the  puddling  trsin,  and  driven  at  speeds  TOTTlng  from 
r  to  a  hundred  and  twenty  revolutions  per  minute.  The  frames,  sole- 
ia,  eonnecting-apindles,  and  pinions,  am  required  to  be  heavier  than  in 
[mddling  process,  and  greater  Hccuracj  and  finish  are  required  thronghont. 
m  a  steam-engine  ia  employed  to  drive  the  trains,  the  size  ought  to  afford 
horse-power  to  each ;  but  smaller  rollers  are  driven  with  proportionately 
power.  The  tooth'Wheela  to  bring  up  the  speed  of  the  roUera,  tiia  fly- 
el  to  equalize  the  speed,  and  the  sha^,  framework  of  the  mill,  and  snb- 
:tiire.  require  to  be  proportionately  heavy  and  strong.  All  the  parts  subject 
rain  are  made  many  times  stronger  than  a  casual  spectator  would  consider 
aaary ;  this  is  done  to  avoid  the  hws  of  iron  and  labour,  and  the  ruinous 
f  necessorilj  attendant  on  every  breakage  of  the  machinery  employed. 

Turning  the  RoUen. 
nie  roUera  employed  are  made  of  cast-iron,  of  as  hard  texture  as  con  well 
oriced;  soft  iron  ia  inodmiasible.  They  are  allowed  to  cool  in  the  mould, 
Dg  been  cast  on  end  with  a  high  presaure  of  metal  to  insure  aolidity  in 
J  part,  without  which  they  are  useless ;  they  are  afterwards  taken  to  Uie 
s,  and  placed  in  a  centering-lathe  for  turning  the  axles.  This  ia  done  by 
projecting  end  of  a  wide  chisel,  firmly  held  horizoutally  by  wedging  in  a 
iron  frame,  and  pressed  against  the  metal  of  the  roller  by  otlicr  wedges  in 
rear.  Motion  is  communicated  to  the  roller  thi'ongh  the  intervention  of 
nfiil  spor-  gearing,  from  a  steam-engine  or  water  wheel-  Though  rude,  this 
process  is  more  expeditious  than  with 
iliG  hi^lilyfiiushed  lathe  of  the  engine 
mauuliioturer,  which  would  speedily 
be  rcadered  uDserviceahle  if  forced  to 
cut  oil  at  each  revolution  a  Uiickring 
of  cast-iron  from  a  cylinder  weighing 
neveral  tons.  From  the  centering- 
hitlie  tlie  roller  is  taken  to  a  second 
Utile,  imd  placed  in  brasses  on  its 
reot'iitly  turned  axles ;  motion  is  here 
communicated  to  it  through 
the  intervention  of  strong 
tooth-wheela  and  spindles  to 
the  amount  of  two  or  three 
revolutions  per  minute,  de- 
pending on  tho  hardness  of 
the  iron  and  the  size  of  tlie 
roller.  With  hard  iron  the 
!i^  is  reduced,  to  prerent  softening  of  the  steel  cntting-tools  by  heating, 
hardest  rollers  cannot  be  adrantageoasly  tnmed  at  greater  Telocitiea  than 
revolution  in  three  roinates.bnt  the  majority  of  groored  rollers  bear  tnm- 
it  the  hl^ier  Teloei^. 
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The  lathe  in  which  tlie  workiiig  part  of  Uie  roller  is  tmnied,  requiiet  to  bt 
exceedingly  strong;  a  minimnm  seotioii  of  100  iquttB  iiichM  of  iron  aittr 
weakest  place  is  not  too  much. 

The  iirst  operation  performed  on  the  body  of  the  roller  ig  to  rednee  it  to  i 
smooth  cylinder  of  the  same  diameter  thron^urat  This  is  done  with  ddidi 
three  or  four  inches  wide,  resting  on  iron  blocks  and  secured  in  the  dennd 
position  by  wedging  as  in  turning  the  axle.  The  beet  cnststeel,  csidiill^ 
tempered,  is  demanded  for  the  cutting  tools.  When  rednced  to  a  peiftd 
cylinder,  the  motion  is  discontinued,  and  the  design  inscribed  on  its  pes^phay ; 
the  design  varies  with  the  section  of  the  bar  which  it  is  iti*fM^  to  idL  If 
intended  for  a  cylindrical  bar,  grooTSS  nesrly  of  a  semi-cirealar  shape  sie  cd 
out  by  similarly  shaped  tools,  during  the  revolution  of  the  roller;  iqpin 
bora  have  the  grooves  of  a  triangular  shape.  On  placing  two  of  these  together, 
it  is  obvious  that  they  form  either  a  square  (Fig.  1)  or  circular  orifice  (Fig.S), 
and  if  made  to  revolve  so  that  the  peripheries  of  the  rollers  when  in  ooutoeC 
move  in  the  same  direction  and  with  the  ssme  velodty,  a  soft  sabstsnee  inter 
l)osed  is  forced  to  the  figure  produced  by  their  junction.  On  the  other  hssi 
the  substitution  of  a  plain  cylindrical  roller  on  one  part,  would  result  in  the 
production  of  a  bar  having  a  section  corresponding  to  the  semi-circular  or 
triangular  form  of  tlie  single  groove  used.  The  eficct  of  this  alteratioii  oo 
the  sectional  form  of  the  rollers  at  their  junction  is  seen  in  Figs.  3  sod  1 


Fig.  1. 


FIff.  2. 


Fig.  5. 


Fig.  3. 


ng.  4. 


Fig.  7. 


Fig.C. 


Fig.  8. 


Flat  bars  are  produced  on  similar  principles  :  a  groove  of  the  required  width 
is  sunk  in  the  roller  mncli  deeper  than  the  intended  thickness  of  the  bar;  the 
excess  being  filled  up  by  a  projecting  tongue  on  tlie  top  roller  (Pig.  5).  By 
merely  altering  the  distances  of  the  two  rollers,  bars  of  various  IbMilnwif  n 
may  be  rolled  by  tlie  same  pair  of  rollera  (Fig.  0).  When  the  depth  of  fte 
groove  is  considerable,  allowance  lias  to  be  made  for  delivering  the  bar  tedj, 
l)y  widening  the  top  of  tlie  groove  so  as  to  give  it  a  slightly  tapering  form 
(Fig.  7).  Tliis  tapering,  however,  interferes  with  tlie  parallelism  of  the  sides 
of  tlie  bar,  which  has  to  be  reversed  and  rolled  in  the  tinishing  gcoave  twice, 
by  which  the  deviation  from  the  parallel  is  reduced  one  half;  except  in  nsij 
thick  bars,  the  remainder  is  not  readily  perceptible  to  an  inexpexienoed  eye. 
A  distorted  figure  of  the  section  of  a  thick  bar  (Fig.  8),  shows  the  effiMtoa 
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the  sides  mom  deftilj.    By  carefiil  attention  to  the  form  of  the  groove  and 
projecting  tongue,  Tery  many  apparently  difficult  sections  may  be  rolled. 

Therednctlon  of  the  white-hot  pile  of  puddle-bars  to  the  finished  merchant- 
baza,  is  aecompliahed  by  a  succession  of  rollings,  probably  twelve  or  fifteen  in 
number,  each  time  through  a  groove  smaller  in  section  than  the  preceding 
one.    This  produces  successive  elongations,  corresponding  to  the  reduction  of 
metal  in  section.  It  is,  however,  necessary  to  observe,  that  the  groove  through 
irfaich  the  bar  passes,  while  of  a  reduced  section  and  smaller  in  one  direction 
ftan  the  previous  groove,  in  the  other  direction  it  is  required  to  be  longer. 
The  rollers  in  their  revolution  are  capable  of  pressing  the  iron  in  one 
direetion  only,  viz.  vertically :  the  degree  of  pressure  exerted  in  this  direction 
may  be  vazied  at  pleasure,  by  allowiog  the  rollers  to  recede  from  each  other 
to  diminiBh  it,  or  the  reverse  by  screwing  them  into  closer  contact  with 
the  ponderous  set-screws  in  the  frames.    But  the  rollers  are  incapable  of 
exerting  any  action  horizontally  on  the  iron  in  the  direction  of  their  length. 
If  the  bar  is  of  a  section  that  admits  of  turning  on  edge,  and  passing  between 
the  xoUers  in  this  way  alternately,  tlie  width  of  each  groove  is  gradually 
diminiahed,  but  it  is  in  excess  of  tiie  height  of  the  preceding  one.     Squares 
lad  bolts  are  thus  rolled ;  the  hori- 
zontal axis  of  the  bar  being  length- 
ened in  the  manner  displayed  in 
Hgs.  9  and  10.      Flat  bars  are 
lolled  in  grooves  increasiug  in  width 
to  the  last  or  finishing ;    but  the 

thickness  in   each  is    dimimshed  ^'  *•  ^'  ^^' 

Teiy  rapidly.  With  very  thick  masses  of  iron  of  a  flat-bottom  section,  it  is 
not  unusual  to  work  half  in  each  roll,  and  afterwards  remove  the  angular 
juoce  at  the  side  by  repassing  it  through  the  last  groove. 

To  ensure  the  delivery  of  the  iron  freely  in  a  straight  line  without  con- 
tortions, great  attention  has  to  be  paid  to  the  diameter  of  tSe  rollers,  at  the 
points  where  they  press  on  the  iron.  If  one  be  larger  than  the  other,  the 
periphery  of  the  larger  roller,  by  moving  at  a  greater  velocity,  deflectGt  the  | 
iron  from  it.  A  groove  or  tongue  of  one  roller  of  greater  diameter  on  one  side 
tiian  the  other,  unless  counteracted  by  a  corresponding  enlargement  in  the  other 
mOer,  throws  the  iron  out  in  a  spiral  direction,  from  which  it  is  almost  im- 
posnble  to  straighten  it.  This  defect  in  the  turning  seldom  occurs  with  bars 
ef  eoDunon  section,  but  unusual  sections  entail  a  mass  of  unseen  labour  in 
gDflBding  against  its  occurrence. 

The  interior  of  the  grooves  and  the  working  part  of  the  tongue,  if  any,  it 
ii  pnfezable  to  keep  smooth.  This  is  absolutely  essental  in  the  case  of  the 
last  grooves  through  which  the  bar  passes.  In  the  grooves  of  the  roughing 
loDen,  it  is  common  to  cut  notches,  or  otherwise  dent  the  working  surface,  to 
ensnn  a  sufficient  adhesion  to  force  the  bar  through.  This  is  met  more 
effieetiTely  by  increasing  the  diameter  of  the  rollers  to  the  largest  practicable 
point.  The  use  of  notches,  in  any  shape,  ii^ures  the  fibre  of  the  iron,  besides 
afiectsng  the  snrfiice  appearance  of  the  bar. 
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Allowance  has  also  to  be  made  for  the  reduction  of  size  which  the  bur 
undergoes  in  cooling  from  a  red  heat  down  to  that  of  the  atmosphere.  Tbe 
measure  allowed  for  contraction  is  affected  by  the  character  of  the  inm,  and 
temperature  at  time  of  delivery  from  the  groove ;  bat  Qne-fifth  of  an  inch  Bity 
be  considered  a  fair  allowance  for  bars  one  foot  wide. 

Boiling  Bar-iron, 

The  white-hot  pile  from  the  heating  furnace  is  passed  through  a  latge 
groove  in  tlie  roughing  rollers,  by  pushing  it  forward  on  the  fore-plate  until  cau^ 
and  drawn  through  by  the  rollers.  If  the  pile  is  well-proportioned  to  tin 
groove,  it  passes  through  easily;  but  if  too  large,  it  may  require  blows  fron 
the  iron  carriage  to  make  it  enter  the  groove :  should  this  occur,  and  tke 
roughing  rollers  be  a  small  distance  apart  at  the  largest  diameter,  tbe 
inuneiisc  vertical  pressure  on  the  iron  in  the  small  groove,  forces  out  a  po^ 
lion  each  side  in  the  form  of  a  thin  flange.  This  has  to  be  carefully  goanifld 
against,  as  from  its  thinness  this  strip  of  iron  cools  rapidly,  and  may  beoooM 
too  cold  for  turning  down  and  welding  in  the  succeeding  groove,  llie  pile  ii 
now  seized,  by  a  second  workman,  with  a  heavy  pair  of  tongs;  and  two  hooked 
lovers  (sec  page  2*2!)),  suspended  by  chains  from  the  roof  of  the  mill,  are 
inserted  imdemcath,  lifting  it  up  over  the  top  roller  and  delivering  it  on  the 
other  side.  In  its  descent  the  first  workman  turns  it  over  at  a  right  angle  from 
its  former  direction,  and  i)uslies  it  towards  tlie  next  smaller  groove  until  it  a 
drawn  in.  The  lifting  back  and  rolling  operations  in  tlie  ronghing  rollen 
arc  repeated  till  a  suitable  reduction  has  been  made  for  the  finiahing  rollers, 
to  which  it  is  eventually  transferred,  resting  on  the  hooked  levers.  In  these 
it  is  rolled  five  or  six  times,  tlirough  as  many  diminishing  grooves,  to  the 
ri^quired  section,  each  time  turned  partly  around,  or  the  position  in  regard  to 
tlio  jointing  of  tlio  rollers  otherwise  altered.  With  a  heavy  strain  and  soft 
iron,  constant  attention  is  \)Qi\\.  to  the  action  of  tlie  rollers,  that  no  side  flsDge 
be  formed  on  the  bar. 

The  top  roller  is  made  a  fraction  larger  than  the  bottom,  in  order  to  throv 
the  bar  down  on  the  guides  as  it  is  delivered  by  the  rollers.  The  gnides  are 
two  tiers  of  heavy  wedges,  the  points  of  the  top  tier  resting  on  the  top  of  the 
bottom  roller,  while  the  lower  tier  is  kept  in  reserve  immediately  below,  hi 
its  delivery  the  bar  is  conducted  in  a  straight  line  by  tliese  wedges,  instead  of 
turning  down  underneath  tlie  roller,  as  it  otlierwise  would.  If,  from  accident, 
the  guides  opposite  any  one  groove  are  displaced,  the  end  of  the  bar  is  likely 
to  return  under  the  roll,  and  be  united  witli  the  other  part  into  a  soHd  ring. 
Tliis  outward  accident  may  also  occur  through  defect  in  the  iron,  tlie  more  so 
if  partially  oxidized  by  long  exposure  in  tlie  heating  furnace.  In  this  case  a 
portion  of  the  pile  separates  from  the  rest,  and  follo\^dng  tlie  course  of  the  top 
roll,  is  welded  into  a  massive  iron  ring.  Considerable  delay  occurs  under 
such  circiimstances,  for  operations  must  be  suspended  wliile  the  iron  ring  is 
being  cut  through ;  and  tliis  requires  some  time  when  the  metal  is  five  or  six 
inches  wide  and  half  as  much  in  thickness. 

With  some  sections  great  exactness  is  required,  and  a  deviation  of  the 
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hiclm'ww  of  s  hair  either  my  renden  tiie  boi  unsaleable.  If  obliged 
o  a  Tcrj  exact  section,  the  rollen  are  adjusted  vith  the  greatest  care,  tbe 
igtifjning  and  set-Bcrewa  without  plaj,  and  frequent  examinations  made  of  the 
Mn  produced.  With  the  greatest  care,  however,  a  few  dajB  at  most  results 
in  so  much  abramon  in  the  rollers,  that  they  have  to  be  sent  to  the  turner 
for  repairs.  Where  they  rub  on  each  other,  the  surfaces  are  frequently 
lobricnted  with  black-lead  and  grease,  or  carbonaceous  matter  and  palm  oil. 

The  OTerheating  of  the  rollers,  bj  contact  with  the  hot  iron,  is  prevented 
bj  small  streams  of  water  directed  on  the  parts  of  tho  finishing  rollers  liable 
to  heating.  With  bars  of  a  concave  section  on  the  upper  sui&ce  in  rolling, 
the  water  which  falls  on  the  red-hot  charcoal  affords  an  instmctive  example 
at  the  spheroidal  condition  of  water  in  contact  with  substances  at  high  tea.' 
perotuies.  While  the  bar  remains  at  a  brightred-heat.no  steam  is  formed,  the 
drops  of  water  merely  rolling  over  the  surface ;  but  the  surface  of  the  rollers, 
ttura^  scarcely  heated  above  the  hailing  point  of  water,  is  enveloped  iu  clouds 
of  steam-  These  phenomena  of  water  were  known  to  operatives  in  rail-rolling 
Bills  many  years  before  the  publication  of  K.  Boutigny's  experiments. 

Dnring  the  auccesslTe  rollings,  the  great  pressure  exerted  on  the  bar 
expels  with  violence  a  portion  of  the  remaining  cinder,  and  leaves  the  iron 
CMnparatively  pure.  This  cinder  is  composed,  to  tho  extent  of  about  ninety 
pet  e«nt,  of  magnetic  oxide  of  iron  :  tlie  remaining  ten  per  cent  of  silico, 
ptusphoric  add,  lime,  sulphur,  and  other  bases,  depending  on  the  local  con- 
gtitotion  of  the  cmde  iron. 

Cutting  Bar-iron  to  Length. 
The  finished  bar  is  taken  from  the  rollers  and  cut  to  the  required  lenglli 
vhiht  hot,     This  is   done  either  by  lever 
(Jiears,  as  iu  tlie  case  of  puddle-bars,  or  cir- 
cular saws  revolTing  at  great  rapidity.     The 
r,  a  modem  inreiition,  performs  tho  work 
cedingly  neat  and  expeditious  man- 
ner, and  is  applicable  to  iron 
burs  of  all  sizes  irrespective  of 
pbclion — an  advantage  not  pos- 
sessed by   any  shears.      Thin 
II  icrcb  ant-bars  are  frequently  cut 
enld.  in  order  to  show  oflf  the 
c  of  the  iron;  but  torga 
ban  of  every  descrip- 
tion are  cut  whilst  hot 
A   sido  elevation   of  ft 
>  sawing     apparatus    is 
jli  here     given.       It   con- 
sists of  a  pair  of  st«el 
discs,  four  fbet  diame- 
ter  and  0De-ei^;hth  of 
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an  inch  thick,  with  coarse  teeth  on  the  edges,  mounted  on  a  apindls  akost 
four  feet  long.  By  a  small  pollej*  wheel  on  the  oentn  of  this  spindle,  motifla 
is  commmiicatcd  by  bands  from  larger  wheels  driven  by  the  engjune.  AguMt 
the  outsido  of  each  saw,  but  near  its  front  edge,  is  placed  a  nanow  sUdiBS- 
frame  of  cast-iron,  equal  in  length  to  the  longest  bar  rolled,  on  whieh  the  led- 
hot  bar  is  placed  and  retained  in  its  position  by  stops.  The  ragged  end  of 
tlm  biu*  is  made  to  project  sufficiently  in  front  of,  and  finollj  pressed  against, 
the  saw,  by  which  it  is  cut  from  the  body  in  a  few  seconds.  If  gradually  per 
formed  iu  fifteen  or  sixteen  seconds,  with  good  saws,  the  ends  of  the  bar  have 
a  smootli,  polished  appearance ;  perfonned  in  three  or  four  seeonda,  the  sads 
ore  less  smooth.  The  second  end  of  the  bar  is  cat  in  a  similar  m^wwAr  by  tfaft 
other  saw ;  the  projecting  ends  cut  off  being  placed  aside  for  remannfiaiiin. 
Great  core  is  commonly  required  in  outtmg  the  second  end,  as  the  snout 
theu  cut  oil'  regulates  the  length  of  the  bar.  To  ensure  the  raqmsite  aeconcj 
in  this  respect,  tlie  second  moveable  platfonn  is  famished  with  a  sUdof- 
gauge,  tlie  distance  of  which  from  the  isMe  of  the  saw  regulates  the  length  of 
the  iiuislied  bar.  Allowance,  however,  has  to  be  made  for  contraction  of  tho 
bar  from  its  red-hot  state ;  and  some  attention  requires  to  be  given  to  the 
diiferenco  of  temperature  at  which  some  are  cut,  iu  order  to  obtain  ban  of 
nearly  unifoiin  lengtli. 

The  sa\vs  revolve  1000  to  1500  revolutions  per  minute,  equal  to  a  velodtf 
at  the  cutting  edge  of  1^*2  to  21-3  miles  per  hour.  Their  edges  are  kept  from 
overheating  by  dipping  into  narrow  cast  iron  cisterns  containing  water. 
When  cutting,  tlie  shower  of  sparks  created  is  partially  coniined  to  the 
\'iciiiity  of  tho  saws  by  sheet  iron  casings,  supported  over  the  upper  edges  of 
tho  saw.  The  entii-e  apparatus  requires  to  be  fitted  up  very  correctly,  the 
revolving  pai-ts  evenly  balanced,  and  working  in  good  brasses  rigidly  fixed  to 
pedestals  and  a  heavy  substnicture.  Every  twenty-foiu:  hours  the  saws  r^ 
quire  sharpening,  and  are  then  replaced  by  others. 

The  cutting  into  Icngtlis  completed,  the  bar  is  straightened  by  wooden 
mallets  on  a  massive  cast-iron  plane  placed  level  with  the  floor ;  the  asperi- 
ties of  the  edge,  fL*om  the  action  of  the  saw,  removed  with  a  coarse  file,  and 
the  trade-mark  of  the  maker  stamped  upon  it ;  when  the  operations  attending 
tho  manufacture  of  a  merchant-bar  terminate.  The  iron  so  produced  is 
known  amongst  manufacturers  as  No.  2,  from  having  been  twice  rolled,  hi 
commerce  it  is  known  as  common  barirong 

Recapitulation  of  the  Process, 

In  tracing  the  progress  of  tlie  metal  from  the  state  of  an  oxide  in  the  ore 
through  tlie  several  transformations,  finally  ending  in  the  production  of  a 
bar  of  malleable  iron,  it  is  seen  that  recourse  is  had  to  heating  in  close  or 
open  furnaces  five  times  ;  viz.,  calcining,  smelting,  refining,  puddling,  and 
heating.  But  frequently  the  bar  is  produced  with  four  heatings ;  and  by  a  modifi- 
cation of  tho  refining  process,  at  one  time  largely  adopted  in  Stsffbrdsbira,  and 
to  a  less  extent  in  South  Wales,  only  three  heatings  were  required  from  the 
ore  to  the  finished  bar.    In  the  first  process — the  calcining  of  the  ore— it  is 
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heated  to  a  high  temperature,  and  allowed  to  cool  down  for  filling  into  the 
blast-furnace :  the  author  is  of  opinion  that  this  is  a  process  properly  belong- 
ing to  the  blast-furnace,  where  the  calcination  could  be  effected  ^lithout  loss 
oi  heat  as  at  present  In  the  smelting  process,  the  ore  is  again  heated,  fused 
along  witli  fluxes,  and  descends  to  the  low^cr  hearth  as  crude  iron,  whence,  in 
many  works,  it  flows,  without  cooling,  into  the  refinery  furnace.  The  product 
of  this  furnace  may  either  bo  malleable  blooms,  or  refined  metal,  according 
to  the  kind  of  furnace  used. 

Assuming  that  the  crude  iron  is  refined  by  the  boiling  process,  the  heat 
imparted  to  the  metal  in  the  blast-furnace  will  last  tlirough  the  whole  process 
of  refining,  balling  up,  conyeyance  to  hammer  or  squeezers,  shingling,  removal 
to  the  rollers,  rolling  in  two  pairs  of  rollers,  removal  to  the  shears,  and  cutting 
into  short  lengths.  It  is  now  allowed  to  cool ;  is  i)iled,  and  the  mass  heated  in 
the  heating  furnace,  from  whence  it  is  taken  to  the  roughingroUers,  where  it 
18  roughed  to  a  thick  massive  bar ;  removed  to  the  fiuishing-roUcrs,  and  rolled 
to  a  square,  roimd,  or  flat  bar,  as  may  be  required.  It  is  now  drawn  out,  the 
ends  cut  with  the  circular  saw ;  straightened,  filed  clean  at  the  ends,  and, 
finally,  stamped  with  a  trade-mark  and  placed  aside  as  a  finished  bar,  with 
one  single  heating. 

The  several  mechanical  operations  performed  in  the  forge  and  mill  on 
masses  of  iron  weighing  several  cwts.,  are  executed  with  admirable  precision 
and  dexterity.  Frequently,  the  same  bar  is  passed  fifteen  or  sixteen  times 
between  the  rollers,  and  has  to  be  grasped  and  released  twice  this  number  of 
times  with  a  pair  of  heavy  tongs,  when  mo\'ing  at  the  rate  of  nearly  six 
nuks  per  hour.  In  its  progress,  also,  in  the  rollers  it  has  to  be  adjusted  in 
a  different  direction  each  time  it  is  passed  between  them.  Wlicn  it  is  con- 
sidered that  the  substance  thus  handled  is  a  white-hot  piece  of  iron,  ex- 
posing a  surface  of  from  twelve  to  thirty-five  feet  to  the  operatives,  and  in  a 
temperature  compared  vdth  which  the  torrid  zone  is  cold ;  the  great  skill  of 
the  men,  and  the  severe  bodily  labour,  will  be  seen  to  surpass  every^thing 
having  the  least  analogy  in  the  industrial  arts  of  any  country. 

From  the  period  when  the  bloom  leaves  the  puddling-fumace  to  the  delivery 
of  the  puddle-bars  from  the  shearing  apparatus,  five  or  six  minutes  will  have 
elapsed  :  the  time  occupied  in  conveying  the  pile  from  the  heating-furnace, 
and  submitting  it  to  the  several  fmishing  operations,  seven  to  eight  minutes. 

It  may  be  remarked,  that  in  both  pairs  of  rollers  in  puddling,  and  also 
in  the  rolling-mill,  the  violent  compression  of  the  iron  is  attended  with  the 
evolution  of  large  quantities  of  caloric;  so  much  so,  indeed,  tliat  it  com- 
pensates, to  a  great  degree,  for  the  loss  by  radiation  and  from  the  currents  of 
water  thrown  on  the  finishing  rollers.  The  quantity  of  caloric  thus  evolved, 
appears  to  vary  with  the  character  of  the  iron.  The  South  Wales  irons 
lequire  to  be  rolled  quickly,  or  the  bar  becomes  too  cold  and  hard  for  com- 
pression. South  Sta^Tord^ure  iron,  on  the  other  hand,  may  be  rolled  slowly, 
and  is  compressible  between  rollers  at  greatly  lower  temperatures. 

The  expenditure  of  power  in  forcing  the  iron  into  shape  in  the  larger  mills 
ii  vezy  gr^L    Fly-wheels,  eighteen  feet  in  diameter,  having  fifteen  tons  of 
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metal  in  tlie  rim  alunc,  Eind  iirui>elled  by  powerful  engines  at  the  rale  of  IM 
roToliitionB  per  miuutc.  ere  brought  down  to  ialt  tluB  speed  in  four  nr  En 
seconds,  simply  from  tbc  retUBtaiice  of  tlie  iron  to  compression,  lAum  bom  taj 
cauao  the  temperature  is  sliglitlj  reduced.  The  expenditoie  of  force  in  n- 
ducinf;  it  pile  to  a  ilnthar  bIx  inches  by  one  inch,  and  fifteen  fM  long,  iMqnil 
to  tlic  lifting  of  1500  tons  one  foot  high. 

ManiifiKture  of  Bailieag  Sara. 
Thin  branch  of  iron  inilustiy  has  sprung  up  nitliin  the  lost  thirty  ynA 
in  ^vhii'li  short  pciiod  llic  demand  for  milu  alone  has  increased  to  an  Bmonit 
greatly  in  excess  of  the  entire  iron  manufacture  at  the  conunencement  of  tti 
railway  aj'stcm.  Tlie  roiln'syH  of  this  conntry.  the  Continent,  Ahia^  Hi*- 
dostau,  tlio  AVcst  ludicH,  and  North  and  South  America,  bare  been  Mt 
slnicted  nearly  altngL-tlier  with  iron  from  the  rolling  millB  of  Sooth  TFil« 
SduIIi  Staflordehire,  Scotland,  and  one  or  tn-o  minor  Beats  of  the  mannfactoi*. 
The  scvei-ol  roilwavs  already  conBtrnctcd,  British  and  foreign,  have  abaoiled, 
of  Itntisli  nianufaetuicd  iron,  nearly  0,000,000  tons  of  hea^y  maUeable  ina 
rails  and  3  ^00  OUfl  tons  of  cast-iron  appendages  (exclusive  of  the  qutuititiM 
used  m  tlic  maniifiuturo  of  flic  rolling  stock  and  implements  of  consUW- 
tion)    thus  rLprtscnliiig  tlie  disposal  of  a  total  of  nearly  10,000,000  tonacf 

The  hupphiiift  of  thi«  Inrfte  quantity  of  iron  has  neceBsitatod  importwit 
alterations  in  fht.  rolbiig  dcparliurut  of  tlie  large  works.  Milb  for  loDiDg 
railiinv  bars  arc  coiislnictcd  of  tlie  hca\'ieBt  proportions,  and  fitted  flillit 
larger  number  of  hi  nltii^'  furnaces  than  otlier  mills.  At  the  same  lime  a  cffi' 
rcbpoiiduig  increase  in  tlio  production  of  tlic  mill  lias  occurred ;  and  u 
average  of  120  tons  at  tlie  eommenccmcnt  of  the  railway -bar  trade  is  no' 
augmented  to  "iOO  tuna  aud  iu  some  coses  even  1000  tons  in  o  week  hat 
been  aecompliBlied 

Tiolhng  railnai  iron  is  conducted  in  h  ncerl}'  similar  maimer  to  llialpW' 
Buod  mill  oiher  large  bars  Tlio  piles  are  larger ;  and  if  a  superior  qiiBliirii 
dcRired  great  care  ib  tal  en  m  the  arrangement  of  the  scTeral  pieces  of  puddle- 
bar  In  tlic  finishing  rolknt,  the  reduction  to  the  ultimate  seciion  i 
furmcd  by  a  fauccciBiun  of  mtricately-slioped  grooTes.     The  turner's  skill  i> 


r- 


severely  taxed  to  adopt  the  grooves  in  these  rollers  to  each  other,  and  tt 
same  time  to  dehver  a  clean  bar  of  the  preciso  section.    Tiua  frcqnentJy 
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i  a  careful  selectiou  of  the  ores  used  in  the  production  of  the  crude 
part  or  the  whole  of  the  puddle  iron  in  the  pile,  according  to  the  strain 
on  different  parts  of  it  in  rolling  to  a  har.  A  sketch  of  the  grooves 
by  the  junction  of  a  pair  of  rollers  for  rolling  a  common  form 
ray  bar,  the  T  or  web-footed  section,  is  given  in  tlie  preceding 
by  which  the  configuration  of  the  descending  series  is  seen.  The 
t  enters  the  groove  on  the  lef^hand  side,  and  is  successively  passed 
16  right-hand  groove,  from  whence  it  emerges  exhibiting  the  required 
This  form  of  bar  is  one  of  the  most  difficult  to  roll.  It  will  be 
!d  that  a  considerable  portion  of  it  is  thin,  consequently  liable  to  cool 
A  still  greater  difficulty  is  met  with  in  the  difference  in  diameter 
working  portions  of  the  grooves ;  the  smallest  diameter  occurs  at  the 
of  the  thin  flanges.  In  consequence  of  tliis  difference  of  diameter, 
oral  portions  of  the  bar  are  not  propelled  with  the  same  velocity; 
atest  movement  occurring  Avith  the  largest  diameter,  and  vice  versa. 
vide  flange  rails  the  difference  is  very  considerable;  for  instance, 
t  of  the  roller  bearing  on  the  body  of  the  bar  will  move  at  the  rate  of 
33,  while  the  bottom  of  the  groove,  which  presses  on  tlie  flanges,  will 
uly  five  miles  per  hour.  The  distension  of  the  parts  of  the  bar  is  in 
ratio  to  the  diameter  of  tlie  roUer  of  that  part ;  hence,  a  direct  ten- 
;o  drag  the  thick  portion  of  the  bar  away  from  the  flange.  To  counter- 
thc  thin  part  is  spread  out  to  great  width  in  the  second  groove  (see 
;  in  the  succeeding  grooves  the  additional  work  thrown  on  this 
compensates  for  the  lesser  distension.  Without  a  provision  of  this 
le  thin  edges  would  crack ;  and  not  unfrequently  long  strips  peel  ofi', 
lly  with  iron  of  the  red-short  class. 

1  bars  are  cut  into  lengths  with  circular  saws.  In  consequence  of  the 
less  at  the  sides  or  bottom  they  cannot  be  shorn  hot  with  any  degree  of 
»;  and  the  adaptation  of  cold  shears  to  the  purpose  frequently  leaves 
w  cavity  in  the  end,  and  is  altogether  a  tedious  operation.  The  first 
anufactured  were  secured  in  heavy  cast-iron  blocks,  fitted  with  coun- 
s,  and  closely  fitting  the  rail  all  round.  The  end  of  the  bar  was  made 
;  before  insertion  in  the  cavity  of  the  block,  and  then  cut  with  common 
niths'  chisels,  any  inequalities  being  removed  by  filing.  The  substi- 
of  revolving  saws,  however,  has  enabled  the  manu£Eicturer  to  square 
ish  the  ends  at  less  than  one-tweKth  the  expense  incurred  with  hand- 

• 

er  the  ends  are  cleaned  by  filing  with  heavy  double-handled  rasps,  the 
f  bar  is  subjected  to  the  hot  straightening  process.  This  is  performed 
lassive  iron  block,  placed  over  its  surfeu^  the  lengtli  of  the  rail,  and 
'  such  thickness  as  will  prevent  flexure  by  heat.  Any  deviations  from 
t  line  are  taken  out  of  the  hot  bar  by  long-handled  wooden  mallets, 
;  heads  nine  or  ten  inches  diameter,  and  eighteen  or  twenty  long :  iron 
ers  would  leave  an  impression  on  the  soft  iron,  and  are  therefore  in- 
dble  in  all  hot-straightening  operations.  If  the  section  permit,  it  is 
ocked  on  a  level  grated  floor,  formed  of  bars  on  edge,  till  c^\a  <^cAdi. 
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With  the  majority  of  bars,  however,  it  is  subjected  to  a  further  hoi-Bti 

ening,  or,  more  correctly,  hot-bend- 
ing, to  counteract  the  unequal  con- 
traction of  the  several  parts  of  the 
bar  during  cooling.  In  the  two 
sections  (Figs.  1  and  2),  the  larger 
^•^*  portion  of  the  metal  is  thrown  in  the  ^'  ' 

head  or  wearing  part  of  the  railway  bar.  If  a  bar  of  either  of  those  set 
be  made  perfectly  straight  when  at  a  bright  red  heat,  and  allowed  to  coc 
thinner  portions  part  vdih  their  heat  and  contract  more  rapidly,  cauaii 
rail  to  momentarily  take  the  profile  represented  by  Fig.  3.   The  head  co: 

ing  the  great  mass  of  metal 

very  slowly;  and  several  ! 

after  the  flanges  have  conti 

^***  ^'  nearly  to  the  amount  due  t 

reduction  of  temperature,  this  part  continues  to  cool  and  contract,  event 

causing  the  bar  to  take  the  form 

represented  in  Fig.  4. 

In  practice  this  inequality  of  Fig.  4. 

construction  is  obviated  by  curving 

the  bar,  in  a  reverse  direction,  to  the  amount  of  curvature  which  it  would 
taken  if  allowed  to  cool  from  a  sti*night  bar.  The  curve  taken  by  a  l 
cooling,  forms  the  profile  of  a  massive  cast-iron  block,  over  which  the  bai 
successively  bent  with  heavy  wooden  mallets.  In  doing  this,  attention! 
to  the  temperature  so  that  no  serious  deviation  occurs  from  that  at  whic 
trial  rail-bar  took  its  cun^e.  Great  care,  indeed,  ought  to  be  taken  to  e 
the  bar  taking  a  straight  line  with  its  loss  of  heat,  or  permanent  inji 
caused  to  the  iron. 

If  the  hot-straightening  and  bending  have  been  well  conducted,  th( 
bar  will  not  deviate  greatly  from  a  right  line ;  but  as  absolute  correctn 
demanded  by  the  purchaser,  the  bars  subsequently  undergo  a  series  of 
straightenings  by  hammers  or  pressure.  Formerly  the  heavy  sledge-hai 
(94  lbs.  weight)  was  the  only  instrument  used ;  but  of  late  years  the  incv 
weight  and  stiffness  of  the  bars,  and  the  general  desire  to  reduce  the  o 
manufacturing,  have  resulted  in  a  very  general  adoption  of  machimer 
this  purpose. 

The  rail-straightening  press  consists  of  a  massive  cast-iron  frame,  iR 
projecting  stand  on  each  side  to  receive  the  railway  bar ;  on  the  top  re? 
a  large  shaft,  carrying  an  eccentric  cam,  which  acts  on  a  slider  moving ' 
cally  in  grooves  in  the  large  frame  immediately  over  the  projecting  f 
The  bottom  of  the  slider  is  slightiy  bevelled,  and  at  the  down-stroke  rei 
to  within  four  or  five  inches  of  the  rail.  When  straightening,  the  bar 
on  two  shallow  supports,  about  eighteen  inches  apart,  on  the  stand,  ilM 
vex  side  up ;  a  wedge-shaped  key  is  carefully  inserted  under  the  Blid< 
that  at  the  lowest  movement  the  slider  presses  on  the  rail  thtou^  the  i 
vention  of  the  key,  and  removes,  at  one  pressure,  part  or  whole  of  the 
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▼exity.  The  operation  is  repeated  until  all  irregularities  are  taken  out.  If 
the  bends  in  the  bar  are  very  short,  a  less  distance  between  tlie  supports  is 
demanded.  Considerable  delicacy  is  required  in  using  the  taper  key ;  if  pro- 
jected too  far,  the  rail  may  be  bent  in  tlie  reverse  direction,  or  completely 
broken  if  made  of  cold-short  iron.  Commonly  tlie  slider  moves  up  and  down 
about  thirty  times  in  a  minute,  thereby  enabUiig  skilful  workmen  to  straighten 
100  bars  doily  in  a  single  press.  The  strain  thrown  on  tlie  approaches  is  very 
great,  and  renders  it  necessary  to  make  tlic  whole  of  massive  proportions. 

Frequently  the  bar,  after  leaving  the  straighteucr,  possesses  a  degree  of 
"winding"  or  twist,  which  Ls  detected  by  placing  the  ends  on  two  x)laued 
blocks  accurately  levelled  on  the  ujjper  surface.  It  is  removed  by  grasping 
the  ends  with  long  levers,  and  applying  a  light  torsional  strain  until  the 
desired  effect  is  produced. 


Boiler  Plate  Iron. 

This  is  made  from  selected  No.  2  bar  iron,  when  a  superior  quality  is 
songht ;  but  the  larger  portion  of  the  present  mauufactiure  is  rolled  direct  from 
puddle  blooms.  The  pile  for  best  plate  is  built  short  and  wide,  with  an  equal 
quantity  of  pieces  ruimiug  along  and  across  it.  They  arc  brought  to  a  weld- 
ing heat  in  a  reverberatory  furnace  of  the  ordinary  description,  and  taken  to 
the  plateiion  rollers.  Tliese  consist  of  two  pairs,  a  slabbing  and  a  finishing, 
both  of  a  plain  cylindrical  form,  chilled  to  extreme  hardness  on  the  surface. 
The  firames  in  which  the  rollers  revolve  are  furnished  mth  large  tightening 
lerews  (six  or  eight  inches  in  diameter),  by  moans  of  which  the  top  rollers 
are  screwed  down  or  permitted  to  rise  at  pleasure.  Commonly,  a  system  of 
levers,  carrying  balance-weights,  is  appended  to  one  or  both  top  rollers,  to 
diminish  the  weight  on  the  other  rollers.  The  coupling  pinions  connecting 
the  top  to  the  bottom  rollers  are  frequently  cUspenucd  with  in  rolling  tliin 
plates. 

The  short  flat  pile  is  passed  several  times  between  tlie  slabbing  rollers, 
end  or  sidewise,  according  as  it  may  appear  to  require  distension,  until 
safficiently  reduced  in  thickness  for  tlio  finishing  rollers,  to  which  it  is  traiis- 
ferred  for  further  distension.  If  the  iron  requires  it.  the  slab  is  reheated  and 
passed  between  the  slabbing  rollers  a  second  time,  in  its  reduction  to  a  suitable 
thinness  for  the  finishing  rollers.  These  are  made  of  tlie  hardest  iron,  and 
turned  to  a  glassy  smoothness  on  tlie  surface.  At  first  its  direction  between 
the  finishing  rollers  is  regulated  to  supply  any  omission  in  the  slabbing :  tlie 
object  being  to  assimilate  its  horizontal  proportions  to  tliosc  of  the  intended 
plate.  When  this  is  accomplished,  it  is  passed  successively  in  the  same 
direction  untQ  the  desirod  thinness  has  been  attained.  Metal  gauges  of  the 
length,  breadth,  and  thickness  of  the  plate,  indicate  when  tlie  rolling  is  to  be 
discontinued.  The  shearing  to  the  exact  size  is  performed  on  the  cold  iron 
by  powerAil  lever-shears,  with  steel  knives  five  or  six  feet  long. 

The  mannfiictnre  of  common  boiler  plates,  ship-building  plates,  and  much 
of  the  inferior  descriptions  of  sheet-iron,  is  conducted  in  a  diffcieiit  msAmet. 
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Tho  puddle- ball  of  the  boiling-furnace  is  hammered  into  a  flat  bloom,  two  of 
which  arc  placed  together  to  constitute  the  plate ;  when  cold,  they  are  chai^ged 
into  a  furnace,  heated  to  melting,  slabbed,  and  rolled  in  the  foregoing  maimer 
io  tlie  doRircd  tliinness.  Plates  made  in  this  manner,  however,  onght  nerer 
to  be  used  in  any  description  of  boiler  building.  A  reiy  general  reconne  to 
this  mode  of  manufacturing  has  unquestionably  lowered  the  character  of  boOer 
l)late-iron,  and  led  to  many  fatal  explosions.  Good  boiler-plates  should  not 
break  Avith  a  less  stmin  tlion  twent}'  five  tons  to  the  square  inch  of  metal; 
but  much  of  what  is  manufactured  for  the  purpose  will  not  bear  more  tku 
two-thirds  of  tliis  strain. 

Nail  Bad  Iron, 

Nail  rods  are  manufactured  in  two  ways :  by  rolling  a  bar  down  to  the 
desired  sortiou :  and  by  cutting  a  thin  strip  of  iron  into  a  number  of  parallel 
rods,  by  moans  of  revolving  shears.  The  first  method  is  pursued  with  inn 
for  horse  shoo  nails,  and  tlio  superior  kind  of  rods,  forming  about  two  pff 
cent,  of  tho  nuiniifacture ;  and  the  shearing  with  the  remaining  ninety-eight 
l^er  cent. 

The  manufncture  by  shearing  strips,  is  kno\A'n  in  the  trade  as  slitting 
nail-rods.  A  slittinj^-niill  consists  of  two  or  three  heating  furnaces,  a  pair  of 
grooved  rollers  for  rougliinj;?  the  pile,  a  pair  of  smooth  cliilled-iron  rollers  for 
llattening  it,  and  a  pair  of  revohdng  shears,  with  tlie  requisite  lever-cropping 
shears.  KoUers  and  shears  are  commonly  placed  in  x^arallel  lines,  seventeen 
or  eiglitoen  feet  apart,  and  driven  at  nearly  the  same  number  of  revolutions 
l>er  minute  l)y  strong  spur-geaiing.  The  slieai*8  are  formed  of  two  i)arts,  ewh 
consistuig  of  a  number  of  discs  of  wTOUght-iron,  sixteen  or  seventeen  inches 
diameter,  edged  with  steel,  kept  the  requisite  distance  apai-t  by  other  discs  of 
iron  of  lessor  tliamcter ;  tho  whole  fmnly  bolted  together,  and  mounted  on  a 
cast  or  ^\Tougllt  iron  spindle.  Wien  revolving,  the  upper  series  of  steeled 
discs  project  into  the  spaces  of  tlie  lower  series  (see  fig.  next  page) ,  thus  fonning 
a  niunber  of  continuous  shearing  edges.  The  deptli  which  they  project  is 
regulated  by  screw-bolts  attached  to  the  cast-fmmes;  whilo  the  entrance  of 
tlio  iron  to  bo  shorn  is  regulated  by  guides  and  x>l^tes,  sunilarly  adjusted  by 
screw-bolts.  Through  the  bottom  of  a  cistern  at  top,  a  shower  of  water  falls 
on  tlie  steel,  to  keep  it  from  softening  with  the  heat  of  the  bars.  In  front  of 
the  apparatus  a  ^\Touglit-iron  grated  frame  is  constructed  of  iron  bars,  to 
receive  the  ro<ls  delivered  bv  tho  shears. 

The  mode  of  rolling  may  be  described  tlms :  Two  or  three  pieces  of  pndifle- 
bar,  or  other  ilat  iron,  are  placed  to  form  a  low  pile,  which  is  brought  to  a 
welding-heat  in  a  reverberatory  furnace,  and  tiunsferred  to  the  grooved  roller- 
In  tliese  it  is  distended  to  a  bar  ten  or  twelve  feet  long,  by  three  and  a  half 
or  four  inches  wide,  and  of  a  tliickness  proportionate  to  the  size  of  the  in- 
tended rod.  It  is  now  passed  between  the  smooth  rollers,  so  as  to  reduce  it 
to  tlie  precise  tliickness,  and  at  tho  samo  time  remove  any  roughness  on  tho 
face  of  the  iron.  It  is  now  of  a  width  somewhat  less  than  the  breadth  of  the 
upper  series  of  steeled  discs ;  and  on  inserting  one  end  of  the  strip  between 
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begmiics,  it  is  drami  on  by  tbe  leTolving  aheara,  and  cut  into  as  many  rods 
B  there  ore  Bteeled  discs  in  its  widtli.  Tha  divided  rods  are  Becored  oa  light 
lOoks,  and  transferred  to  the  grating.  The  Htri|>B  vaiy  slifihtly  in  width ;  and 
Fhen  such  is  the  case,  or  the  iron  is  of  a  weak  red  uliort  character,  a  number 
if  imperfect  rods  are  shorn  off  the  sides,  and  passing  aaide  the  guides,  require 
wnetant  cleaning  from  the  apparatus. 

The  finished  rods  are  cut  to  lengtli,  weiglied  into  bundles,  and  lied  up  bj 
iwisting  around  them  three  or  four  small  bonds  of  hot  iron.  If  placed  in 
ilock,  or  in  carriages  for  conveTance  to  purchasers,  gi'cat  caio  should  be  taken 
that  thej  do  not  get  wot  and  rusted  on  the  sutfftcc.  Bods  prepared  bj  shear' 
ing  may  readily  be  distinguished  from  rolled  rods  by  tlie  concavity  of  the  one 
and  convexity  of  the  opposite  side ;  the  otlier  two  sides  slso  show  the  cutting 
action  of  the  shears,  and  two  edges  project  shghtly  wiUi  minute  serrations. 

The  rapidity  with  which  noil-rods  are  produced  by  this  process  is  per- 
fectly marvellous  to  the  uninilifttod.  Working  on  tlie  smaller  sizes  of  rods,  a 
mill  rolling  three  lengths  at  once,  as  is  now  generally  done  iu  tlie  larger  mills, 
delivers  ninety  to  a  hundred  rods  at  each  operation,  equal  to  tho  continuous 
delivery  of  a  single  rod  through  the  week  at  a  velocity  of  ten  miles  per  hour. 
Hoop-iron  is  manufactured  irom  small  piles  or  billets,  rolled  first  between 
(mtll  rollers  having  grooves  on  tlieir  circumference,  and  lastly  between  a 
diort  pair  of  haid  cylindrical  rollers,  in  which  it  is  pressed  to  tlie  width  and 
thickness  desired.  The  great  length  of  the  bars,  nnd  tlieir  tendency  to  cool 
qnickly,  renders  it  necessary  to  propel  the  grooved  rollers  at  very  high  vcloci' 
ties ;  but  tlie  smooth  pair  ore  driven  at  the  more  usual  speed  of  ninety  or  a 
hnndred  revolutions  per  minute.  This  pair  requires  to  be  exceedingly  strong, 
IB  order  that  the  iron  may  be  finished  comparstivciy  cold,  and  thereby  carry 
t  blue  &ce. 

Small  flats,  sqnarcs.  bolts,  and  fine  irons  generally,  are  rolled  ndth  trains 
having  three  rollers  in  height     The 
addition  of  a  tliird  roller  to  each  set 
L  expedites  Uio  rolling  one-half,   inaa- 
I  much  as  the  operation  is  continued 
n  boUk  dircctiuns,  instead  of  return- 
ing the  bar  over  tlio  top  roller  as  in 
large    mills.      The  rollers  are  com- 
,    monly  eight  or  nine  inches  in  dia- 
I  meter ;  tlie  roughing  set  thirty  inches 
'   long,  the  second  twenty-four,  and  the 
finishing    nine    inches    long :    three 
rollers  in  height,  instead  of  the  two  in 
IT  Cntien  for  NaU-rod>.  other  mills.     A  Speed  of  230  revolu- 

tionB  per  minute  is  common,  ond  preferable  to  slower  working;  at  this  velo- 
dty  the  periphery  of  the  roUetmores  over  six  nulos  per  hour ;  and  calculating 
the  several  movements  of  the  operatives  in  following  the  bar  through  the  day, 
it  ii  seen  that  lerBrBl  of  them  walk  more  than  twenty  miloa  daily  at  this 
quick  rata. 
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The  rolling  of  small  flats  and  squares  in  tmdh  trains  is  eondneted  on  pra- 
ciples  similar  to  those  pursued  in  lazger  mills ;  but  the  xoond  iron  is  roUel 
with  tlio  assistance  of  double  guides.    SmsU  piles,  or  solid  pieces  of  ins 
termed  '*  billets,"  are  roughed  between  the  first  pair  of  xoUera ;  in  the  seeasd 
the  iron  is  first  converted  to  a  square,  and  then  into  a  bar  of  an  oysl  eeetioa, 
precisely  equal  in  area  to  tliat  of  the  intended  zoond  bar.    The  groores  in  tke 
short  fiiiishing-rollers  (of  which  there  are  only  two  in  rolling  roimdB)  are  of  an 
exact  semicircular  shape,  and  together  form  a  complete  oiicle.    The  oral  hu 
is  presented  to  tlieso  rollers,  guided  in  a  Tertical  direction  by  dosely-fittiqg 
iron  blocks,  where  it  is  violently  compressed  to  s  perfectly  oylindzical  tant 
To  ensure  this  being  done,  there  must  be  a  rigid  coxrespondence  between  the 
oval  and  circle.    If  the  oval  is  too  small,  the  deficiency  of  metal  to  fill  tin 
circle  is  seen  in  the  flattened  sides  of  the  latter ;  if  too  large,  the  excess  of  mM 
is  frequently  forced  out  at  the  sides,  forming  thin  flanges.    If  the  gmdes  M 
to  hold  the  bar  sufficiently  tight  to  prevent  its  taming  aronnd,  the  bars 
similarly  spoiled.    As  may  be  imagined,  it  is  only  vexy  good  iron  that  iriS 
stand  tlic  violent  alteration  of  structure  when  comparatively  cold. 

Gas  Refining  Fnn&aoes. — Several  attempts  have  been  made  to  introduce 
gaseous  fuel  into  smelting  and  puddling  oiierations ;  but  hitlicrto  with  in- 
difTei'ont  siicccss  in  tliis  country.    It  seems  to  us,  looking  tlicoreticallj  it 
tlie  question,  that  if  combustible  gases  are  generated  from  the  solid  fuel  and 
applied  to  such  purposes,  that  is  accomplished  by  a  complicated  proc«fl 
whicli  can  be  more  advantageously  attained  by  using  the  fuel  itself.    The 
chemical  wt^rhl,  however,  is  not  well  informed  on  this  subject ;  and  we  wui 
with  much  interest  for  Mr.  Abel's  report  to  tlio  Minister  of  War,  of  the  result 
of  liis  investigations  into  tlie  gas  furnaces,  and  other  refinery  processes  in  nee 
in  L'ppcr  SiU^sia,  Prussia,  aiul  the  Austiian  iron-works,  wliich  are  said  to  le 
at  variance  with  our  conclusions.     Reasoning,  however,  from  our  present 
imperfect  infonnation,  if  we  would  produce  tlie  highest  heat  from  fuel,  all  iti 
carbon  nmst  be  converted  into  carbonic  acid,  which  is  done  in  every  well- 
constructed  furnace  with  brick  walls,  where  the  layer  of  coal  on  the  grate 
docs  not  exceed  seven  inches  for  bituminous  coal  and  eighteen  for  antlin- 
cite.      Combustion  tlius    conducted,  it  is    practically  found,  obtains  the 
greatest  heat  and  the  larpjost  quantity  of  it.      The  principle  involved  in 
forming  gas,  is  to  use  a  tliick  hiyer  of  coals,  and  convert  aU  the  oxygen  and 
carbon  into  carbonic  oxide ;   introducing  fresh  oxygen  or  atmospheric  sir, 
at  a    proper  place  behind  tlic  grate,  and  thus  converting  the  cartNadc 
oxide  into  carbonic  acid.    If  perfect  combustion  of  solid  Itael  is  prodnerf 
in  the  grate,  as  much  heat  is  obtained  as  in  forming  gas.      Practically, 
indeed,  it  is  stated  tliat  in  well-constructed  furnaces  there  is  less  fuel  used  by 
burning  it  directly  tlian  is  required  iii  generating  gas.    In  the  case  of  rever 
beratorj'  furnaces,  Uie  use  of  gas  is  inconsistent  with  sound  principles— flame 
is  tliere  required ;  but  by  forming  and  burning  carbonic  oxide,  no  flame  is 
produced,  and  radiation  of  heat  cannot  be  expected. 

Thoma  has,  however,  recommended  tlie  employment  of  the  gaseous  xcsalti 
of  the  combustion  of  coal,  wood,  ond  turf,  as  a  fuel  for  smelting  iron ;  and  in 


Scotland, and  alsomNorwaj.tlieexperinieiit  lias  been  tried  of  emplojinghydro- 
gen  for  thja  pmpose,  oonjointlj  wish  the  hot-blast,  with  the  result,  it  isBtatod. 
of  a  high,  rate  of  oombnstion  and  diminished  wast£  of  fuel.  In  the  iron- works 
of  Brefena,  at  Orebroe  in  Monvaj,  the  hydrogen  was  developed  in  a  ayetem 
of  thirtj-two  tab«s,  heated  on  one  side  of  the  furnace,  and  placed  in  comniuni 
cation  with  fonr  other  horizontal  tubes  of  double  tlie  dimensions  of  the  first. 
The  thirtj-two  tubes  are  arranged  in  fonr  rows ;  they  arc  charged  with  hght 
wood-charcoal,  and  ateom  it  made  to  poai  through  thorn,  ha^dng  in  its  course 
to  traveree  n  considerable  distance.  The  steam  generator,  which  is  cylin- 
drical in  shape,  is  placed  oTer  the  flame,  and  the  waler-lcrel  ia  kept  even  by 
means  of  a  force-pump.  At  the  extremity  of  each  tubo  ia  ft  screw-atopper, 
which,  being  removed,  permits  of  the  ashes  being  cleaned  out  or  a  new 
charge  introduced.  Tlie  rcsnlU  of  mutual  decomposition  nro  hydrogen, 
carbonic  oxide,  and  a  little  carbonic  acid  gaa,  which  arc  transmitted  into  the 
fbmace  nndcmeath  by  &  small  pipe,  rushing  foiili 
irith  a  strong  bloat,  and  huming  nilli  a  reddish-green 
coloured  flame. 

The  gna  furnaces  at  the  Kbnigshiitte,  in  Upper 
for  refining  and  puddling  purpopee,  are 
trrongcd  bo  as  to  be  fed  cillier  wiili  cQmpost  burning 
naterini  or  infliunmable  gna.  The  accompajiying 
rogravinga  are  a  vertical  section  and  plan  of  one  of 
these  structures,  of  which  the  following  is  a  descrip- 
lion :— a  is  a  gns- generator,  which  is  fed  tlirough  tlio 
orifice  X,  cloaed  by 
pUtoj.  Tho 
gases  cngen- 

fhrough 
into  ike  fur- 
nace m.  The 


the  tubes  t  into  the  cylinder  T, 
from  hero,  partly  into  tho  gaa-gene- 
Tator  ti  and  partly  into  the  furnace  m. 
The  blaat  passes  through  the  tube  o  into  the  Bheet-iron  box  6,  and  thence 
llirongh  two  tuyeres  d  into  the  gns-gene  nttor.     The  other  portion  ot  this  \j\M,t 


pftsses  thntngti  the  tabes/intii  tlie  cvlinder  $,  thence  Uirongb  tlii!  tuba 
into  die  box  k,  and  then  into  tLc  fumace  in  strong  puffs.  The  beat  cm  It 
fortheriitcTeuedbj-the  HuxiliBij  graie  A.    The  tuyeres  f.n'tucbiutllli<irefiiir 


mt'nt  iif  Ilie  eiisl-iron,  arc  connetted  hj  muffl«a  nili 
tlie  cvtitider  y,  and  the  amount  of  air  alloired  Ij)  eita 
cnn  be  uccliralely  regulated  hj  taps.  r  ia  the  flu 
throngh  wliich  tho  burned  gasea  pass  into  tlie  chimney  H.  p  the  irorldjif 
hole,  g  till'  runninf;  opening,  u  u  are  cast-iron  flues,  intended  to  prodiw 
a  violent  draught  under  tlie  cosLiron  hearth  and  along  the  side  trails  of  liu 
furnace,  in  ordtr  to  cool  it 

We  are  idthoat  information  as  to  tlie  resulU  of  the  Sileaiaa  expenments, 
bat  believe  we  only  echo  the  opinions  of  Uio  best  prnt^tical  meUllurpai 
Trhen  ire  state  that  f^Bs,  unless  it  con  be  drawn  off  in  tlio  shape  of  vtOt 
heat,  caimot  be  prolitahly  applied  to  smeldng  purposes :  tlic  only  nsc&l 
application  of  gaseous  fuel  is  when  hot  gases  are  preveuleil  from  pasmfi 
away  into  the  air,  aud  tlicir  heat,  instead  of  being  wasted,  is  abstrad«d  fv 
some  UBeftU  purpose. 

It  might  be  well  to  mention  Uiat  the  Iiot  ga.s'cs  from  the  generator  a,  patt- 
ing into  the  chamber  of  tho  funiaec.  arc  ignited  to  wliiteness  hj  tho  jets  of 
hot-blast  i  and  IL  The  tuyere  pipes  from  whence  these  jets  issue,  are  w 
airongcd  Uiat  a  maximum  temporuture  is  produced  on  the  charge  of  im 
oppoute  the  worldng  door  P.  The  quantity  at  liot  blost  admitted  tltrough  tbew 
tuyeres  is  adapted  to  tho  requirements  uf  the  metal  mider  treatment,  and  Ifce 
particular  stage  of  the  process.  When  the  iron  is  in  the  aolid  state,  the 
quantity  is  regulated  to  the  production  of  the  highest  temperature ;  tllxi 
foaion,  decarbonization  of  tlie  pig-iron  requires  that  it  should  be  in  eiceraof 
the  quantity  necessary  for  tlie  combustion  of  the  gases,  that  free  oxygen  m*! 
be  present  iii  the  fiimaco  fur  tlic  combustion  of  the  carbon  of  the  metal.  1^ 
alloyed  carbon  liaring  been  burnt  off,  the  qutuitity  admitted  is  again  redQM^ 
to  the  proportion  necessary  for  tho  combustion  of  the  hot  gasea,  and  tha  ball- 
ing up  of  tlio  iron  completed. 
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l^iddling  with  gas  is  practised  to  a  limited  extent  in  Hhenish  l^ussia. 
11  some  few  instances  the  gas  is  taken  from  tlie  blast-furnace,  but  more 
requently  it  is  generated  in  the  small  ovens  attached  to  each  puddling  fur- 
lace ;  the  fuel  used  in  the  distillatory  process  consists  of  dry  wood,  charcoal, 
ignite,  or  turf.  At  an  iron-work  where  wood  is  used,  the  charges  are  eight 
5wts.  of  white  and  motUed  iron,  and  each  furnace  brings  out  twenty  to  twenty- 
me  tons  of  puddle-bars  per  week,  with  a  loss  in  tlie  working  of  five  per  cent. 
)n  the  quantity  charged.  The  consumption  of  timber  is  about  four  cubic 
Edet  for  one  cwt.  of  puddle-bars. 

At  a  second  works,  the  charge  consists  of  ten  cwts.  of  gray  pig-iron,  which 
is  two  and  a  half  hours  under  treatment  in  the  furnace,  wdth  a  correspond- 
ing redaction  of  yield  or  produce.  The  timber  consimied,  cord-wood, 
averages  nearly  nine  cubic  feet  for  one  hundredweight  of  puddle-bars. 
Paddling  with  the  gas  of  lignite  is  also  carried  on  exx)erimcutally. 

Although  turf,  lignite,  and  fine  cones  have  been  experimentally  used  for 
generating  the  gas,  the  preference  seems  to  be  given  to  wood ;  and  with  the 
foregoing  data,  a  comparison  may  be  drawn  between  the  relative  conmiercial 
advantages  of  coal  and  gas  fuel  in  English  puddling  fiimaces.  The  selling 
price  of  cord-wood,  of  the  kind  used  in  the  mines  of  this  country,  averages 
twenty  shillings  per  ton,  or  sixpence  the  cubic  foot.  Witli  the  minimum  con- 
nmiption  of  four  cubic  feet  of  wood  to  the  hundredweight  of  bars,  the  cost 
would  be  two  shillings ;  whilst  with  the  larger  consumption  of  nine  cubic  feet, 
it  would  amount  to  four  shillings  and  sixpence  for  each  hundredweight  of 
bars  produced.  Bituminous  coals  of  tlio  description  commonly  used  in 
paddling,  cost  about  eight  shillings  per  ton :  the  consumption  of  a  mixed 
charge  of  pigs  will  not  exceed  twenty  hundredweights  to  tlie  ton  of  puddle- 
bars  produced.  Hence,  the  cost  with  coal-fuel  will  be  about  five-pence  to 
the  hundredweight  of  puddle-bars.  Contrasting  tliis  with  the  former  estimate, 
it  is  seen  that  while  in  England  coal  fuel  for  the  production  of  a  stated 
qoantity  of  bars  costs  five-pence,  the  gas  fuel  of  wood  cannot  be  substituted  at 
kss  than  from  five  to  eleven  times  this  sum. 

The  comparative  barrenness  of  the  German  metallurgical  districts  in 
mineral  fuel,  and  the  generally  inferior  quality  of  the  small  deposits  being 
wrought,  has  resulted  in  considerable  attention  being  paid  to  the  economical 
application  of  gases  in  puddling.  It  is  doubtful,  however,  if  there  be  any 
advantages  from  its  use,  except  in  special  cases,  or  where,  from  its  great 
abundance,  the  timber  is  held  to  be  of  little  value  in  comparison  ^itli  that  of 
nq^erior  pit-coal.  Certain  it  is,  that  tlie  use  of  wood  fuel  in  puddling, 
indicates  the  existence  of  the  manufacture  on  a  small  scale  compared  witli  its 
condition  in  England,  where  the  quantity  of  standing  timber  in  plantations, 
ibrests,  Ac,  would  scarcely  suffice  for  the  wants  of  the  puddling  furnaces 
(nearly  3500  in  number)  during  a  single  year. 


CHAPTER  XIV. 

BECEKTLT  PATENTED  BEFININO  PBOCESaSS. 

We  now  come  to  deal  with  a  class  of  metaUnrgic  proeeasea  which  birs 
recently  much  occupied  tlie  public  attention — an  attention  which  their  imr 
portance  fully  justifies.  We  allude,  of  course,  to  the  proeessea  patented  or 
otherwise  having  for  object  the  conversion  of  ordinary  cast-iron  into  nulb- 
able  iron,  by  the  application  of  air,  or  air  and  steam  combined,  without  tbi 
intervention  of  fuel.  We  cannot  but  regret  that  the  necessity  for  oonsecntifi 
publication  compels  us  to  take  up  the  subject  in  its  present  nnsettlwi  stale, 
OS  wc  hoped  to  have  communicated  more  exact  infoxmation  on  these  impertiot 
inventions  than  is  at  present  attainable. 

The  reader  who  has  attentively  foUowed  our  account  of  the  processes  \if 
which  iron  has  liitherto  been  converted,  must  have  been  struck  with  the 
laborious  character  of  tlie  whole  series  of  operations ;  more  espedaUy,  when 
ho  considers  the  gigantic  efforts  required  on  the  part  of  the  workmen  in  the 
puddling  and  refining  processes,  wUl  he  be  roused  to  the  importance  of  any 
discovery  by  which  even  a  portion  of  tliis  laborious  operation  can  be  disr 
pensed  with.  Nor  when  the  economical  considerations  which  enter  into  tlie 
question  ore  borne  in  mind,  will  it  surprise  him  tliat  the  change  in  tlie  iron 
manufacture,  which  it  was  presumed  would  at  once  follow  the  announcement 
i)f  Mr.  Bessemer  s  discovery,  should  have  created  on  excitement  almost 
amounting  to  a  panic  in  the  principal  iron  districts.  It  was  not  in  the  natoie 
of  things,  however,  that  such  startling  and  rapid  changes  should  at  once  de- 
velop themselves  in  perfection ;  the  process,  tlierefore,  although  watched  with 
iiiucli  interest  by  those  interested,  is  at  present  only  felt  to  be  a  step  in  ad- 
vance of  the  older  i)roccsses,  wliich  will  be  welcomcly  received,  should  the 
experiments  now  preparing  on  a  large  scale  fulfil  tlie  expectations  enter- 
tained of  it.  The  inventions  to  wliich  we  have  alluded  we  shall  take  in  their 
chronological  order,  beginning  witli  tlie  earliest  of  them,  namely — 

Mr.  Plant's  Process. — Of  this  process  no  specification  has  been  pub- 
lished; wc  must,  therefore,  avail  ourselves  of  the  condensed  report  given  of  it 
in  tlie  "  Loudon  Joiu-nal  of  Arts."  The  patent  is  dated  July  18,  1849 ;  in  it 
the  patentee  claims  to  have  made  an  improvement  in  making  bar-iron  by  the 
use  of  eitlier  hot  or  cold  blasts,  with  steam-jets  and  atmospheric  air,  or  ^th 
steam-jets  by  themselves,  to  be  used  in  regulating  the  heat  in  the  puddling- 
chambers,  cither  wdth  the  ordinary  damper  in  the  draught  of  the  chimney, 
or  with  a  special  damper  and  apparatus  adapted  to  his  invention. 

This  apparatus  consists  of  a  puddling  furnace  of  ordinary  dimensions, 
having  three  lines  of  tu3'eres  across  the  top  of  the  furnace,  each  line  consist^ 
ing  of  three  tuyeres  one  inch  in  diameter ;  the  line  furthest  from  tlie  chim- 
ney being  for  the  blast,  the  other  two  being  steam-tuyeres  for  the  puddling  and 
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prepuratoiy  cluunben.  The  blasttujercs  are  to  be  capable  of  a  pressure  of 
one  pound  and  upwards  to  the  square  inch ;  the  steam  to  be  used  at  a  pres- 
Bnre  of  ten  pounds  and  upwards. 

The  bhist  is  to  bo  introduced  at  tlie  top  of  the  pnddling-chamber,  in  a 
slanting  direction,  just  behind  the  iire- bridge,  so  as  to  draw  the  flame  down 
upon  the  whole  sur£Etce  of  the  metal  as  it  enters  the  puddling-chamber ;  the 
steam  being  introduced  as  nearly  as  possible  at  Uie  same  spot,  and  thrown  in 
like  manner  upon  the  whole  metal. 

By  these  means,  it  is  stated,  the  heat  of  the  furnace  and  prcparatory- 
ehambers  can  be  regulated  with  great  nicety,  without  employing  the  damper 
nsoally  inserted  in  the  chimney  of  a  puddUng-fumace.  When  the  metal  is 
melted,  the  blast  is  shut  off,  and  steam  introduced  through  the  tuyeres  until 
the  iron  boils ;  the  steam  is  then  turned  off  and  tlic  blast  brought  into  action 
till  the  iron  appears  aboYO  the  cinder,  when  the  blast  is  again  shut  off  and 
the  iron  finished  in  tlie  usual  manner  by  the  ordinary  draught.  The  heat 
of  the  pnddling-chamber  is  raised  or  lowered  from  time  to  time  by  raising  or 
lowering  the  damper  OTcr  the  fire-bridge. 

In  this  process,  a  greater  separation  of  the  metal  is  caused,  it  is  pre- 
tomed,  by  the  blast  of  air  and  jets  of  steam  thrown  upon  the  metal;  and  the 
carbon  and  other  impurities  are  supposed  to  be  more  thoroughly  removed  by 
the  infusion  of  Ihe  oxygen  of  the  ataiosphere. 

IKurti«ii'a  Pvoe«sSy  to  which  we  shall  now  call  attention,  is  that  patented 
by  Joseph  Gillot  Martien,  of  Newark,  New  Jersey,  in  September  1855,  and 
has  for  its  object  the  purification  of  iron  when  in  the  molten  state  from  the 
blast  or  refining-fumace,  either  by  air  or  steam,  or  vapour  of  water  apphed 
from  below,  so  that  it  may  rise  up  amongst,  and  completely  penetrate  and 
search  every  part  of  the  metal  previous  to  congelation,  and  piior  to  its  being 
ran  into  a  reverberatory-fumace  for  puddling.  By  this  means  the  manufoc- 
tore  of  wrought-iron  by  puddling,  and  the  manufacture  of  steel  from  cast-iron 
in  the  ordinary  manner,  are  stated  to  be  greatly  improved. 

In  carrying  out  his  invention,  Mr.  Martien  employs  channels,  or  gutters, 
10  arranged  that  the  numerous  streams  of  air,  of  steam,  or  of  vapour  of  water, 
ire  passed  through  and  amongst  the  melted  metal,  as  it  flows  from  the  blast 
liunace.  This  is  done  by  subjecting  the  metal  to  the  action  of  streams  of  air 
or  steam,  as  it  passes  from  the  blast-furnace  before  it  congeals.  The  appara- 
tus recommended,  consists  of  cast-iron  channels  or  gutters,  having  the  bottom 
Blade  hollow  to  receive  steam  or  air,  or  both.  '  This  gutter  is  perforated  with 
Bumerons  holes,  obliquely  inclined  in  the  direction  of  the  flowing  metal,  so 
that  the  streams  of  air  or  steam  may  be  forced  through  it  as  it  flows  along 
the  gutter.  The  stream  of  air,  however,  may  also  be  passed  up  through  the 
metal ;  or  the  holes  may  be  inclined  in  the  opposite  direction,  so  as  to  oppose 
the  flow  of  the  molten  metal.  When  the  hot  or  cold-blast  is  used,  the  hollow 
bottom  of  the  gutter  may  be  connected  with  the  air-pipes  used  for  supplying 
the  blast ;  or,  when  steam  is  employed,  the  gutter  may  be  connected  with 
the  boiler.  By  these  means,  the  air  or  steam  introduced  rises  up  through 
the  metal  in  nomaroiiB  streams,  and  the  iron  is  stated  to  be  perfectly  purified 
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lifter  it  lias  come  from  the  blast-furnace,  and  before  congelation  takeBplHt 
The  iron  thus  pmified  may  be  allowed  to  eool  in  the  moold,  or  it  mayia 
from  Uie  gutter  into  a  rcverberatory  or  other  refining  fiunaoe,  to  be  bettsi 
and  puddled  in  the  usual  mannePb    In  thia  process,  the  novelty  daimed  s 
that  of  purifying  iron  from  a  blast-furnace  while  still  in  a  molten  state,  vfr 
out  tlio  intervention  of  fuel ;  thus  preparing  it  for  the  puddling  pioeeai&i 
Ktate  of  greater  perfection  than  by  the  old  process.    The  perceptive  heoHam 
of  James  Nasm}^^!,  to  use  tlie  words  of  Mr.  Bridges  Adams,  the  eminaift 
civil  engineer,  "  detected  the  absurdity  of  setting  a  number  of  hummboB^ 
to  stir  up  a  metallic  pudding  in  order  to  throw  off  the  scum  in  the  tsha^d 
slug  or  cinder.    liis  remedy  was  a  mechanical  one — ^to  cause  the  mm  ti 
boU  like  a  pot,  by  forcing  steam  into  it  from  below,  the  issue  of  fltoB 
beginning  before  tlio  molten  mass  was  poured  in,  so  as  to  insure  againittti 
stoppage  of  tlie  passages.     But  steam  is  not  exactly  fiiel,  and,  instead  oC 
increasing,  tends  to  lower  the  temperature  of  the  mass  of  iron.** 

Kr.  Clay'a  Process. — ^Among  otlier  ingenious  inventions,  we  may  lun 
mention  that  of  ^Ir.  Clay  of  the  Mersey  Iron  Works, — an  invention  for  iriuch 
a  patent  was  taken  out  and  a  specification  lodged,  as  applicable  both  to  nil 
loablo  iron  and  cast  steel ;  although  all  claim  for  the  latter  purpose  hassnce 
been  withdrawn  in  favour  of  Captain  Uchatius'  process.  Mr.  Clay  proposei 
to  refine  the  crude  iron  by  a  process  of  granulation,  produced  by  dropping  in» 
in  a  molten  state  from  a  lofty  tower  into  a  water-tank,  after  the  manner  in 
wliich  small  lead-shot  is  cast.  In  this  process,  he  states  tliat  tlie  highly 
separated  metiU  is  purified  by  contact  with  the  air  in  its  lengtliened  descent, 
and  by  the  chemical  cliange  i)roduced  by  immersion  in  the  water,  so  that, 
when  again  melted  for  tlic  puddling  furnace,  it  is  divested  of  most  of  the  im- 
purities of  cnido  iron. 

For  tlie  ijurposes  of  this  invention,  ii'on  may  be  obtained  cither  from  the 
blastfuriiaco,  fiom  wliich  it  may  be  nm  out  in  a  molten  state,  or  it  may  he 
lueltod  down  from  pig  or  scrap  cast-iron .  The  granulation  of  the  iron  is 
directed  by  causing  tlie  metal,  when  in  a  molten  state,  to  run  through  a 
[jcrforated  plate  of  metal  or  otlier  material,  placed  at  the  top  of  a  tower-shaft 
or  well ;  by  this  means  it  will  be  divided  into  small  shot  like  particles.  In  its 
descent  in  this  state  from  a  suitable  height,  varying  according  to  the  nataze 
and  quality  of  the  u'on  operated  upon,  tlie  metal  will,  during  its  passage  through 
the  air,  be  partially  decarbonized,  inasmuch  as  the  oxygen  of  ordiuaiy  atmo- 
spheric air  acts  with  considerable  force  in  decarbonizing  tlic  metal  as  it  &II1 
tlirough  it ;  it  will  thus  be  rendered  more  suitable  for  working  up  by  puddling 
into  malleable  bar-iron. 

It  is  sometimes  advisable  to  charge  tlic  air  in  the  shaft,  tlirough  which  the 
molten  metal  is  to  pass,  with  artificially  prepared  oxygen,  or  with  some  other 
decarbonizing  gas  or  vapour,  which  will  produce  a  more  vigorous  decarbonizing 
action  upon  the  iion.  This  may  be  effected  by  tlie  decomposition  of  the  salts 
of  potash,  such  as  chlorate  of  potash,  or  nitnite  of  potash,  both  of  which  con- 
tain considerable  quantities  of  oxygen ;  and  their  decomposition  maybe  eiSected 
either  by  dropping  the  red-hot  metal,  in  a  granulated  or  finely-divided  state. 
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tpon  a  bed  of  the  salts  of  potash,  or  by  heating  tlie  salts  in  a  retort  until 
izygen  is  given  out.  Other  minerals,  slso,  such  as  manganese,  may  be  em- 
doyed.  either  alone  or  in  combination  with  other  substances,  as  oxygenating 
igents.  The  patentee  also  employs  the  more  simple  means  of  increasing  the 
ixygenizing  powers  of  atmospheric  air,  by  introducing  a  blast  or  draught  of 
lir,  either  hot  or  cold,  as  may  be  found  most  effective,  into  tlie  tower  down 
nhich  the  iron  is  descending.  Dry  steam  may  also  be  applied  to  effect  the 
object  in  view. 

Mr.  Clay  has  found  that  by  allowing  the  molten  metal  to  fall  tlirough  the 
tir  a  distance  of  about  seyenty  feet,  a  satisfEu^tory  result  has  been  obtained ; 
this,  however,  depends  both  upon  the  quality  of  the  iron  and  upon  the  state 
of  preparation  in  the  shaft  With  atmospheric  air  at  the  ordinary  pressure, 
the  metal  requires  to  £el11  through  a  greater  distance,  than  if  charged  with  the 
artificial  means  above  referred  to.  The  granulated  particles  of  molten  iron 
may  either  full  into  water  at  the  bottom  of  the  tower  or  well,  or  they  may  be 
collected  in  a  vessel  or  reservoir  placed  for  the  purpose. 

The  decarbonized  metal  thus  obtained,  it  is  scarcely  necessary  to  add,  is 
eoDectcd  together  and  remclted  into  ingots  or  bars,  preparatory  to  undergoing 
tbe  ordinary  treatment  of  hammering  and  rolling. 

Mx,  SeMi^mex**  Process. — Vfe  have  now  to  speak  of  that  process  of 

Mr.  Bessemer*s,  which  has  arrested  so  much  attoutiun,  even  of  tlie  ordinary 

mder,  in  the  last  few  months.    Mr.  Bessemer's  first  patent  is  dated  January  4, 

19M.   Others  he  has  since  taken  out  bearing  date  February  12,  May  1 5  and  3 1 , 

1856.     To  the  most  complete  of  those,  namely,  that  of  February  12,  185G,  we 

ihill  direct  our  attention.    In  the  specification  now  before  us,  the  invention 

b  nid  to  consist  in  the  decarbonization  and  refinement,  in  whole  or  part,  of 

Uie  erode  iron,  which  is  either  obtained  in  a  fluid  state  from  the  furnaces  in 

^ideh  the  iron  ore  has  been  reduced,  or  in  tlie  decarbonization  and  refine- 

>&ent  of  crude  pig  or  finery  iron,  by  remelting  the  pigs  in  a  suitable  furnace 

So  u  to  obtain  fluid  metal  capable  of  being  treated  by  the  process  we  are 

^boot  to  describe.    This  consists,  firstly,  in  running  tlie  fluid  iron  firom  the 

fcmtce  into  a  close  or  nearly  close  vessel  or  chamber,  formed  of  iron,  per- 

Anted  with  openings  to  receive  the  tuyeres,  and  lined  with  fire-brick  or  other 

luiterial  which  is  a  slow  conductor  of  heat.    When  Uiis  vessel  is  almost  half 

filled,  numerous  small  jets  of  atmospheric  air,  or  gaseous  matter  capable  of 

CTDhing  sufficient  oxygen  to  cause  combustion  of  the  carbon  of  the  iron, 

in  (breed  into  and  among  the  fluid  metal,  either  in  a  cold  or  previously 

bated  state.    "  Atmospheric  air  or  oxygen  is  tlius  introduced  into  the  metal, 

^  lafficient  quantities  to  produce  a  vivid  combustion  among  the  particles 

qI  the  fluid  metal ;  and  to  retain  and  increase  its  temperature  to  such  a 

degree,  that  the  metal  will  continue  fluid  during  its  transition  state  from 

cnde  iron  to  that  of  cast  steel  or  malleable  iron  without  the  apphcation  of 

Ur.  Bessemer  stated  m  the  paper  \\dtli  which  he  ushered  his  invention  to 
tile  British  Association,  that  for  the  last  two  years  his  attention  had  been 
^bttost  exclusively  directed  to  the  manufacture  of  malleable  iron  and  steel,  in   I 
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which,  however,  he  had  mode  bat  litUe  progress  until  within  the  list  CB^t 
or  nine  montlis.    The  constant  pulling  down  and  rebuilding  of  fonacei,  ni 
the  toil  of  daily  experiments  with  lazge  charges  of  iron,  had  already  be|^ 
to  e3diaust  his  stock  of  patience ;  but  the  numerous  obeezrations  made  dansf 
tliia  Ycnr  unpromising  period  all  tended  to  confirm  an  entirely  new  Tisw  cf 
tlio  subject,  wliich  at  that  time  forced  itself  upon  his  attention— tiz.,  tint 
he  could  produce  a  much  more  intense  heat  without  any  furnace  or  fuel,  tim 
could  be  obtained  by  either  of  the  modifications  hitherto  used,  and  eoa- 
sequently  not  only  avoid  the  injurious  action  of  mineral  fuel  on  the  inm 
under  operation,  but  at  the  same  time  avoid  the  expense  of  the  hd. 
Some  preliminaiT  trials  were  made  on  from  lOlb.  to  201b.  of  iron,  tnd, 
altliouf^h  the  process  was  fraught  with  considerable  difficulty,  it  ezhibitfld 
suoh  immistakeable  signs  of  success  as  to  induce  him  at  once  to  put  vp  n 
apparatus  capable  of  converting  about  7  cwt.  of  crude  pig-iron  into  matofth 
inui  in  thirty  minutes.    With  such  masses  of  metal  to  operate  on,  thedtf- 
culties  wliioli  bosot  tlic  smaller  experiments  entirely  disappeared,    (k 
this  now  field  of  inquiry,  he  set  out  with  the  assumption  that  crude  iron  eoa 
tiiius  alH>ut  live  per  cent,  of  carbon ;  that  carbon  cannot  exist  at  a  white  hett 
in  tho  proseiioo  of  o\yt^?n  without  uniting  tlierewith  and  producing  coaimr 
tion  :  that  suoli  oomluistion  would  proceed  with  a  rapidity  dependent  on  the 
amount  of  surfaoo  of  oarlH>n  exposed :  and,  lastly,  that  the  temperatorevluck 
tho  motal  would  tliiw  aoquire.  would  be  also  dependent  on  the  rapiditf  viA 
whiv'h  tho  oxygon  au».l  carlK»n  wore  made  to  combine,  and  consequently  tlat it 
\r«s  only  nooos.<an'  ti>  brinsr  the  oxygen  and  carbon  together  in  such  a  miBnff 
that  a  vast  surfaoo  slioiiM  be  exposed  to  their  mutual  action,  in  order  to  p* 
duoo  a  tomivraturo  hitherto  unattainable  in  our  largest  furnaces.    VHA^ 
view  of  tostiui:  prao;ioaIly  tliis  theory,  ho  constructed  a  cylindrical  vesielrf 
thr\\^  f,vt  in  lUnmotor  and  five  feet"  in  height,  somewhat  like  an  ordiiwy 
oup^^la  funiAoo.  tho  intorior  of  which  was  lined  with  fire-bricks,  and  ataW 
tw*>  inohos  fi\nn  tho  Ivtiom  of  it  five  tuvere-pipes  were  inserted,  the  nonJ» 
of  whioh  wore  fomu\l  of  weU-bumt  fire-olav.  the  orifice  of  each  tuyere  beaj 
:UMut  thrvo  oi^jhths  of  an  inoh  in  diamotor:  thev  were  so  put  into  thetai* 
hmn;:r .  fr\nu  tho  ov.tor  sido »  as  to  admit  of  their  removal  and  renewal  in  ifc» 
uirautos  whon  thoy  woro  worn  out.    At  one  side  of  the  vessel,  about  laHni 
up  tivMu  tho  Knt.^m.  thor^^  is  a  hole  made  for  running  in  the  cnide  metal  ;ii4 
on  tho  opivv^uo  sislo  thoro  U  a  tap-hole  stopped  with  loam,  by  means  of  nh* 
tho  imu  IS  run  ou:  at  tho  ond  of  the  process. 


Hhioh  tho  opomtion  ^.^:!r  ^  ^^  •'  '•"  "^^  masonry,  or  fbundaHcm 
^bo^l  y  w  Vovtxl  fimru-  ^'  "'  ""^  ^^•^  ^«  »*^  /revolves.    A  1Wfl^' 


by  die  handle  i.    At  the  point  of  junction  of  two  of  the  weba 
a  B  boss ;  into  this  boss  &  stail  is  fixed,  to  which  a  chain,  or 


R  for  remoTJng  the  fluid  cmtenta.  The  &ir,  or  other  gaseous 
h  are  to  operate  on  Uie  metal,  must  be  compressed  with  a  force 
rill  balance  the  weight  of  a.  colnnm  of  fluid  metal  of  a  height 
eptb  of  immersion  of  the  jets  below  the  enrface  of  the  fluid 
air,  oa  will  afterwards  be  shown,  is  introduced  at  the  sides  or 
issel,  through  amall  boles  formed  in  the  fire-clay  lining ;  so  that, 
]  chamber  on  its  axis,  the  holes  in  the  flre-clsj  maj  be  made  to 
ath  the  aoilace  of  the  metal,  or  raised  above  it  as  maj  be 

3  represented  a  longitudinal  sectioD  of  the  conTerting  Tassel,  in 
t  more  correct  idea  of  its  construction.  The  section  presents,  at 
and  at  a  point  beyond  the  outer  edges,  the  bosses  i^,  which  are 
f,  and  fitted  and  kejed  to  the  axes  b  b ;  and  on  these  the  resset 
tre  irtiea  tamed  bj  the  wonn-gearing  ;  A  (Hg.  1).  Atr  there 
IS  either  with  a  blast-engine  or  steam-faoilei.oTil 


maj  be  made  to  comTnunicate  with  a  reaervoir  of  oxygen  gaa,  or  mnj  otbar  I 
gaseous  matter  capable  of  eTolving  oxygen,  either  in  &  cold  or  bested  italt.  I 
TLe  pipe  r  is  fitted  to  one  end  of  the  trunnion  or  axis  b,  which  is  hollow,  nd 
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provided  with  a  stafBag-hox,  or  other  joint,  so  as  to  allow  of  IhemoTeDwiitd 
the  axia  nithont  inleifering  with  the  passage  of  the  air  or  other  mtlten 
through  it.  Tliis  pipe  is  continued  to  S,  and  along  the  outside  of  the  thmI 
S,  where  it  requires  to  be  turned  truly  on  its  exterior  aurface,  having  fitted 
to  it  aeveral  small  branch-pipes  u,  each  of  which  lias  a  ~p  piece  conneeUd 
to  it,  which  is  bored  out  truly,  so  as  accurately  to  fit  the  exterico'  of  (be 
pipe  S ;  thus  admitting  of  the  pipe  h  being  moved  on  tfao  pipe  S  into  ib 
proper  position.  The  object  here,  is  to  connect  the  blaatengine  with  (be 
converting  vessel,  along  one  side  of  vhich  there  is  a  row  of  square  hola: 
into  these,  small  blocks  of  well-burnt  fire  clay  are  dosely  fitted,  and  held  ia 
position  by  ramming  a  htUe  loam  into  the  joint  formed  between  them  oi 
the  lining  m.  At  one  of  these  blocks  or  tuyeres,  the  pipe  u  is  fitted  bvi 
simple  cone  joint,  the  other  ends  of  the  tuyere-blocks  haring  BeTcrral  sniU 
perforations  leading  into  one  laj^er  passage  communicating  with  the  pipM 
u;  a  communication  ia  tliaa  established  between  numerous  points  of  Iba 
interior  surface  of  tbe  conrerting  vessel,  and  tlie  blast-engine  or  other  ap^ 
ratits  used.  A  sluice-cock  ou  the  pipe  r,  enables  the  workman  to  ttmi  tliia 
off  or  on  as  required. 

The  manner  in  which  these  pipes  and  tuyeres  act  will  be  better  t 
stood  by  the  following  engravings,  where  Fig.  8  represents  a  section  d 
the  pipe  u,  and  U)e  mode  of  fitting  it  into  the  pipe  S ;  while  Fig.  4  ibon 
them  in  their  ordinary  working  pot^ilion.    It  will  be  Been  by  Fife,  8  thi     ' 
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g  at »  opponte  the  orifice  of  the  pipo  u 
een^  their  ordinarT'  posi- 
(  in  Fig.  4,  the  ur  passes 
hroQgh  the  openiikg;   bnt 
le  tnyere-blocks  require  re- 
the  pipe  u  can  be  tnraed 
ae  ttnion  joint  fanned  at 
ation  X :  free  access  to  the 
s  thus  obtained.  The  man- 
ivhich  these  pipes  act  upon 
al  in  the  converting  Tessel 
m  in  Fig.  0, 
in  in  Fig.  8. 
tu^ere-blocka 
formed  of  one 
veral  smaller 

>  answer  per- 
/ell  in  prec- 

ey  must,  hovrever,  be  made  to  fit  exactly  into  the  pipe.  These  pae- 
metimes  get  ohstracted ;  to  provide  for  this,  a  acrew-plng  (Fig.  S)  is 
}  the  back  of  the  elboir  of  the  pipe  w,  which  maj  be  removed  if 
necessary,  and  a 
steel  rod  thrust 
through  the  apcr* 
ture,  so  as  to  re- 
lations of  matter. 

The  interior  of 
the  converting  ves- 
sel itself  is  lined 
with  lire-brick  or 
fi  re-stone,  as  shown 
{ttm  (Fig.  2);  and 
Birangements  are 
made  by  which 
this  Uning  may  be 
renewed  or  repair- 
ed either  by  remov- 
ing one  of  the  end 
plates  n*,  which 
can  be  bolted  on 

ty  ba  devised  in  the  aide  of  the  vessel  through  which  the  lining  may 
iwd  without  this  removal.  The  peeoliaritiea  of  the  vessel  itself  we 
iw  deMmbe ;  and  in  ocdar  to  convey  a  correct  idea  of  it,  T»e  ^ve  ta«) 


I    nttlD   IfBTAI- 


iUnsttatioiu  (Figs.  0  and  0) :  one  a  vertical  section,  exhibiting  the  tmmI  ! 
vhilc  the  mcUl  is  in  a  molten  etate,  with  the  tayeies  in  full  operatiDn ;  the  | 
other,  a  similar  section,  ^hcra  the  flnid  metal  is  presumed  to  be  pniiSd,  tai 

in  the  »ct  of  being  poureil 
Out  into  the  moitlds  and 
formed  into  ingots.  In  each 
of  these  sectionH  tlie  pecu- 
liar lip-like  f^rm  of  tlie 
spout  «  of  the  vessel  is 
shown;  tliis  projecting  spout 
is  for  Uie  purpose  of  i 
ning  out  the  fluid  metal, 
1  is  made  to  project  from 
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of  metal  fli 
over  it   to  ftH 

into  the  ingot-mould.  By  reference  to  Fig.  6  it  vill  be  Been  that  at  ir  th 
lining  is  fonncd  bo  bb  to  prevent  the  slag,  end  other  impurities  floating  a 
the  surface,  ft'om  flon-ing  out  until  after  the  metal  itself  has  nm  out  Oi 
each  side  of  the  spout  n  there  is  a  curved  passes p  (Fig.  0],  by  n 
vhich  the  flame  and  gaseouB  products  evolved  during  the  prooen  VQ 
escape;  but  the  plashes  of  the  metal  thrown  npbj  jetsof  air  aTe,f(»'theMil 
part,  prevented  from  escaping  hj  the  serpentine  form  of  these  ontleti  in  tti 
converting  vessel. 

Having  thns  minntelj  described  this  apparatns,  let  ns  fbOow  its  ai 
through  the  process.  When  the  chamber  is  about  half-filled  Tvith  flnid  mttd 
drawn  from  a  ameldng  or  remelting  fomace,  atmospheric  air,  either  is  * 
cold  or  heated  state,  or  gaseous  products  capable  of  evolving  combsitioarf 
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tlic  caibon  contaiued  iu  the  iron,  is  blown  or  forced  into  and  among  the  lluid 
me  till ;  and  this  is  found  sufiicient  to  keep  up  the  required  temperature 
during  the  process. 

The  size  and  number  of  jets  or  tuyere-pipes  required  for  this  purpose ,  vary 

fxccording  to  the  quantity  of  metal  operated  upon  at  a  time,  and  also  with  the 

condition  and  quality  of  the  metal ;  tlius  forge,  pig,  or  reiined  plate  metal  will 

not  require  so  much  oxygen  to  complete  its  carbonization  and  conversion  into 

malleable  iron,  as  is  required  for  the  conversion  of  crude  iron  of  the  qualit}' 

Icnown  as  No.  1  or  No.  2  foimdry-iron.    To  these  qualities  of  metal  a  tuyere 

is  required  having  an  outlet  larger  by  about  twenty  per  cent,  tlian  is  used  for 

tlie  wliite  quahties  of  iron.    The  patentee  hesitates,  however,  in  giving  any 

fixed  rule  where  so  much  depends  upon  the  force  or  pressure  of  tlie  blast,  and 

tlio  qiiahty  of  the  iron,  prefening  to  give  the  following  example  from  his  own 

practice,  as  a  guide  to  the  workmen.      "  Wlxeu  using  foundry-iron  of  the 

q^uality  No.  2, "  he  says,  **  I  run  one  ton  into  tlie  converting  vessel,  in  which  it 

rises  to  the  height  of  about  a  foot  above  the  oriiices  of  the  tuyere  pipes ;  and 

tlieu  force  into  the  fluid  metal,  atmospheric  air  in  its  natural  state,  under  a 

pressure  of  about  10  lbs.  to  tlie  square  inch,  employing  from  six  to  twelve 

tuyere-pipes  for  its  distribution,  the  united  area  of  the  pipes  being  two  square 

inches.     The  quantity  of  blast  admitted  by  this  area  of  inlet,  will  in  general 

be  found  sufficient  to  effect  tlie  conversion  of  tlic  crude  iron  into  a  malleable 

condition  iu  about  thirty  minutes.    Where  a  mixture  of  oxygen  gas  witli 

atmospheric  air  or  steam,  or  steam  alone ;  or  where  otlier  gaseous  llidds 

enable  of  evolvuig  oxygen  are  preferred  in  heu  of  atmosx)heric  air ;  then  the 

size  of  the  tuyere-pipes  should  be  regulated  according  to  the  quantity  of  oxygen 

present,  diminishing  the  area  of  the  pipes  where  the  oxygen  is  in  excess,  and 

increasing  the  area  wliere  the  quantity  is  short  of  the  above  proportion." 

When  the  vessel  is  new  or  newly  lined,  it  may  be  heated  by  the  waste 
gases  of  the  blast-furnaces,  or  any  otlier  convenient  means,  previous  to 
the  crude  iron  being  poured  in.  Tlie  patentee  sums  up  tlie  substance  of  his 
discovery  in  the  following  terms : — "  It  is  well  Imown  tliat  molten  crude  iron, 
imder  ordinary  circumstances,  will  soon  become  solidilied  imless  a  powerful 
fire  is  kept  up,  and  is  applied  direct  to  the  fluid  metal,  or  to  tlie  exterior  of 
the  vessel  containing  it.  It  is  also  well  known  that  if  the  quantity  of  carbon 
which  is  usually  associated  with  crude  iron  is  diminished,  tliat  tlie  tempera- 
ture necessary  to  maintain  its  fluidity  also  rises  in  like  manner,  so  tliat 
when  iron  has  lost  the  whole  or  tlie  greater  part  of  its  combined  carbon,  tlie 
metal  can  only  be  kept  in  a  iluid  state  by  the  heat  of  powerful  furnaces ;  but 
I  have  discovered  that  if  atmospheric  air  or  oxygen  is  introduced  into  tlie 
metal  in  sufficient  quantities,  it  will  produce  a  vivid  combustion  among  tlie 
partLcles  of  fluid  metal,  and  retain  and  increase  its  temperature  to  such  a 
degree  that  the  metal  will  continue  fluid  during  its  transition  from  crude  iron 
to  the  shape  of  cast  steel  or  malleable  iron  without  the  appUcation  of  fuel, 
the  high  temperature  being  obtained  by  the  oxygen  uniting  with  and  causing 
a  combustion  of  the  carbon  in  the  crude  iron,  and  by  the  combustion  of  small 
portions  of  the  iron  itself.'* 
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As  a  lURttor  of  conTenience,  the  patentee  suggests,  while  reservmg  Ui 
right  to  iipply  modificatioiis  of  the  apparatus  described,  that  the  coufectug 
vossol  slioulil  bo  placed  near  to  the  discharge-hole  of  the  blast  or  leBehng 
fiininoe.  from  which  tlie  crude  iron  is  to  be  drawn ;  that  the  inteiiar  of  die 
ohanil>er  should  l>o  heated  by  burning  gases,  or  by  introdncing  wood-eharooil 
or  coke  at  the  passages /'  (Fig.  b) ;  and  that  a  blast  of  air  be  tnzned  on  throng 
the  tuyoro-pipos,  by  which  their  combustion  may  be  kept  np  and  the  fesMl 
(li-ied  before  tunuii^  the  crude  metal  into  it.  For  this  operation  the  romd  ii 
placed  in  the  pt^sition  shown  by  Fig.  5,  having  a  moveable  gutter  leading  froB 
the  tap  hole  of  the  smelting  furnace  into  the  upper  end  of  one  of  thepsangei 
/>.  the  tiiyere-pi)>es  being  now  in  operation.  As  soon  as  the  metal  eovoi 
tlie  oritioos  of  tlic  tuyere-blocks,  a  violent  ebullition  is  iiroduoed,  the  lir 
(liviiHii**  into  globules,  and  diffusing  itself  among  the  particles  of  fluid  ins, 
nnd  thus  coming  in  contact  at  numerous  points  with  the  carbon  consoncd 
in  the  cnulo  iron,  and  proilucing  thereby  a  vivid  combustion,  while  the  guMU 
products  escape  by  the  passages  p. 

In  ubi>iit  lit'teon  minutes  from  tho  time  of  commencing  the  process,  hifb 
fixtthy  s1a;:s  arc  tlmnMi  violently  out  of  tlic  passages  p,  accompanied  hji 
nisli  of  briglit  llaino:  after  a  few  minutes'  dui-ation  this  eruption  ceases,  but 
copious  llanic  still  continues  to  escape  by  the  passages.  At  this  stage  of  tlie 
imx'css  X\\v  crude  motal  has  thrown  ofT  Uic  bulk  of  its  impurities,  and  is,  ifi 
all  pntbability,  in  tho  state  of  cast-steel ;  its  exact  state,  however,  can  be 
ascortainoil  by  tuniin<;  tho  handle-shaft  /,  so  as  to  bring  tlie  vessel  round  <m 
its  axis,  as  in  Fi$r.  (i,  when  a  x>ortion  of  the  metal  may  l)c  dischaiged  into  an 
in  •:^ot -mould,  whore  it  is  quickly  cooled  and  examined  ;  if  not  sufficiently  dectr- 
boni/od,  the  vessel  is  restored  to  its  origuial  position,  and  tlie  process  continued 
till  couiplotod — from  five  to  ten  minutes*  blowing  being  generally  found  suffi- 
cient to  convert  the  motal  fiMm  tlie  condition  of  cast-steel  to  malleable  iron. 
When  it  is  ncoossiuy  to  suspend  Uie  operation  of  blowing  for  a  short  time,  die 
vessel  should  bo  brought  into  a  position  half-way  between  Figs,  b  and  6,  to 
that  the  orilico  of  the  tuyere-pipes  may  be  alK)ve  the  surface  of  the  metal, 
othenvise  the  tuyeres  will  bo  stopped  up  witli  the  fluid  metal.  The  whole 
process  of  convoi'sion  from  crude  x>ig-iron  No.  I  to  malleable  iron,  occupies 
from  tliirt^'to  thirty-five  minutes,  varying  according  to  the  quality  of  the  pig; 
bat  the  exact  point  when  the  process  sliould  cease,  will  soon  be  acquired  by 
tlie  workmen,  since  tho  colour  and  volume  of  tlie  flame  issuing  from  the 
passages  vary  with  tlie  condition  of  the  metal,  thus  forming  a  good  guide 
for  the  workmen ;  while  tho  facihty  with  which  trial-ingots  may  be  taken 
aflbrds  an  iiifalUblc  test. 

Tlie  heat,  in  some  cases,  is  so  excessive  that  the  metal,  even  when  re- 
duced to  malleable  iron,  is  still  so  far  above  tlie  melting  point  that  its  tem- 
perature requires  to  be  reduced  before  casting.  For  this  purpose,  the  vessel 
is  brought  into  tlie  position  half-way  between  that  shown  in  Figs.  0  and  6,  the 
tuyeres  being  above  the  surface  of  the  metal,  the  supply  of  air  stopped,  and 
a  fire-brick  placed  over  the  orifice  of  the  passage  />,  so  as  to  prevent  the 
heat  from  escaping  with  too  much  rapidity.    In  this  way  the  temperature 
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gndiuJlj  Babaides,  and  the  metal  is  brought  into  a  proper  state  for  casting; 
or,  if  that  is  preferred,  for  taking  out  of  the  vessel  in  masses  after  cooling 
down  by  stirring. 

We  have  now  to  deal  with  a  part  of  the  refining  process  in  which  it  occurs 
to  us  that  Mr.  Bessemer  has  been  altogether  misunderstood,  botli  bj  those 
wiio  have  criticised  his  inventions  most  severely,  and  by  the  general  public. 
The  notion  generally  entertained,  we  believe,  is  that  by  means  of  combustion 
•lone,  and  without  fuel,  that  gentleman  professes  to  produce  malleable  iron. 
This  is  not  so.  He  only  professes  to  have  discovered,  that  tlie  rapid  imiou 
of  carbon  and  oxygen  which  takes  place  at  the  temperature  which  has  now 
boen  attained,  still  further  increases  the  temperature  of  the  metal,  while 
the  diminished  quantity  of  carbon  present  allows  a  part  of  tlie  oxygen  to 
combine  with  the  iron,  which  undergoes  combustion,  and  is  converted  into 
in  oxide. 

At  the  excessive  temperature  which  the  metal  has  now  acquired,  he  con- 
tiimes,  the  oxide  undergoes  fusion,  and  forms  a  powerful  solvent  of  those 
earthy  bases  that  are  associated  with  the  iron.  The  violent  ebullition  which 
k  going  on  mixes  most  intimately  the  scoria  and  metal,  every  part  of  which 
k  thus  brought  in  contact  with  the  fluid  oxide,  wliich  will  thus  wash  and 
deanse  the  metal  most  thoroughly  from  the  silica  and  other  earthy  bases 
liiieh  are  combined  with  the  crude  iron,  while  the  sulphur  and  other  volatile 
natters,  which  cling  so  tenaciously  to  iron  at  ordinary  temperatures,  are 
driven  off,  the  sulphur  oombining  with  the  oxygen  and  forming  sulphurous 
•dd  gas :  producing  by  this  means  a  purer  iron  by  the  application  of 
ttmospheric  air  to  the  fluid  metal  than  could  be  produced  in  the  puddling- 
fiimaoe  by  a  large  consumption  of  that  costly  material.  Beyond  that,  the 
jHoeess  recommended  very  much  resembles  the  mechanical  appliances  by 
which  malleable  iron  is  produced  by  the  older  mcUiods ;  namely,  by  sub- 
jecting the  ingots  at  a  welding  heat  to  a  forge-hammer  or  squeezer  of  a  pecu- 
liarly powerful  construction. 

During  the  interval  occupied  in  cooling  down  the  boiling  metal,  the  work- 
man has  to  prepare  his  ingot-moulds.  A  convenient  mode  of  doing  this  is  to 
place  them  in  an  iron  track,  mounted  on  wheels,  which  may  be  moved  under 
the  spout  of  the  vessel,  and  passed  out  under  the  arched  openings  left  in  the 
fomace.  The  ingots  thus  prepared,  are  now  in  a  fit  state  for  being  hammered, 
tilted,  or  rolled  into  bars,  rods,  or  plates.  In  some  cases  the  ingots  are  found 
to  contain  ceUs  and  cavities ;  in  this  case  they  are  subjected,  at  a  welding 
beat,  to  the  action  of  squeezers,  or  they  are  subjected,  in  a  suage  or  die,  to  re- 
peated blows  under  a  powerful  hammer,  so  that  the  parts  are  forcibly  driven 
together,  and  the  cells  welded  before  being  subjected  to  the  rolling-mill  or 
tfli-hammer. 

The  squeezers,  and  other  apparatus  recommended  by  Mr.  Bessemer,  differ 
Dontiderably  from  those  previously  described.  The  squeezer  has  transverse 
poovea,  both  on  the  upper  and  lower  jaws,  as  represented  in  Fig.  1  ;  A  A 
being  the  grooves  or  hoUows,  B  an  ingot  placed  between  the  jaws.  In  this 
opentioii  the  ingot,  or  nBas  of  metal,  is  brought  to  such  a  temperature  in  a 
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Euitable  furnace  as  will 
a,  solid  homogeneous  body. 


Boftan  it  to  admit  of  itB  beiiig  piMaad  iM 


'£  Tho  aamo  effect  may  bo  prodneed  by  hammering  tho  ingot  o 


Fig.  a,  where  P  roprCHents  Iho  lower  portion  of 
filetun-htimmer,  having  a  grooved  block  Q  fitte 
into  it;  a  aimilar  block  Nia  secured  to  a  hoaTymii 
of  metal  0,whichformB  the  bed  of  the  hanuner;  1 
being  a  UTOught-iron  hoop,  lined  with  steel,  whidi 
ifl  made  so  as  to  alido  up  or  down  by  meana  rf  the 
rods  S.  The  workman,  haTing  heated  the  ingot  G, 
holds  it  witli  a  pair  of  tonga  in  tho  groove  of  the 
loner  block.irtiil* 
the    npper    cm 


Buch  force  ai  ia 

neceaaai;. 

Jts  1  Kg. ».  tho  use  of  th«e 

grooved  surfaces,  or  sunf^cs,  Uie  ingot  of  metal  ia  lesa  liable  to  bo  crushed  Qua 
vhca  hammered  bctnccii  ti\-o  parallel  flat  Eurfoccs,  which  give  no  Hnpportio 
its  sides.  In  tliis  operation  the  worlttnan  will  move  the  ingot  hackwaids  and 
forwards,  turn  it  over  on  its  side,  and  so  work  and  compress  the  metal  whil* 
at  a  welding  heat,  as  thorouglily  to  solidify  the  iron  and  render  it  fit  for 
tilt  hammer  or  rolling-mill. 

Other  modiGcationsof  tlic  stcnm-hammer  are  mentioned  by  Mr.  Bessaner, 
all,  however,  having  one  principle ;  viz.  that  the  ingot  is  placed  upon  a  block, 
or  anvil,  Buppoited  on  boUi  eides  by  strong  rests,  while  the  hammer  Iilli 
into  the  groove  formed  hy  tlieso  supports.  By  this  means  the  tendency  of 
the  ingots  to  crush  out  laterally  is  prevented,  wliile  the  metal  ia  left  at  hbaity 
to  expand  itself  in  Icnglli,  thus  undoubtedly  encouraging  the  fibrooa  condition 
inseparable  from  malleable  iron.  This  cfl'ect  is  produced  by  man}'  modifica- 
tiona  of  apparatus,  tho  details  of  which  are  unimportant,  provided  the  dies  or 
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gouges  are  so  constmcted,  and  the  ingot  of  spongy  or  cellular  metal  so  con- 
fined, that  when  the  hammer  is  brought  forcibly  in  contact  with  it  the  ten- 
dency is  to  have  its  various  parts  forcibly  squeezed,  pressed,  or  driven 
t(^ther,  the  pores  closed,  and  the  surfaces  united  or  welded  together. 

In  the  probationary  state  of  these  patented  processes  it  is  impossible  to 
draw  any  decided  conclusions  as  to  their  probable  results.  There  is  that  in 
Mr.  Bcssemer's  process  which  has  strongly  impressed  iho  public  mind,  and 
which  only  the  conviction  of  complete  success  or  failure  will  satisfy.  "While 
the  popular  view  has  thus,  sometimes  with  little  knowledge  of  the  subject,  mag- 
nified the  discovery  for  beyond  its  merits,  there  have  not  been  wanting  others 
who  would  divest  it  of  any  merit  whatever,  and  treat  it  as  altogether  un- 
worthy of  serious  consideration.  As  in  most  other  cases,  truth  seems  to  lie 
between  these  extremes. 

We  have  already  seen  that  the  principal  impurities  in  cast  iron  consist  of 
carbon,  sulphur,  phosphorus,  silicon,  and  some  other  substances  of  less  im- 
portance. These  substances,  Mr.  Bessemer  asserts,  combine  with  oxygen 
at  a  high  temperature,  forming  volatile  compounds,  which  are  incapable  of 
again  entering  into  combination  with  the  metal.  The  principle  of  Mr.  Bcs- 
semer's process  is  to  take  advantage  of  tliis  tendency  of  the  substances 
to  unite  with  oxygen.  By  forcing  atmospheric  air  into  tlie  liuid  metal,  intense 
combustion  is  produced ;  the  volatile  gases  unite  with  the  oxygen,  and  dis- 
appear through  the  channels  prepared  for  their  exit.  This,  say  some  of 
&6  objectors,  is  unsoimd  in  theory — ^that  practically  neither  sulphur  nor 
phosphorus,  the  two  substances  most  injurious  to  iron,  arc  separated  by  the 
process. 

In  support  of  these  views,  a  writer  in  the  ''  Birmingham  Journal,"  to 
whom  we  are  indebted  for  some  excellent  remarks  on  this  process,  some  of 
which  have  been  imported  into  these  pages,  thus  reiterates  his  objections. 
Becorring  to  objections  formerly  urged  against  the  x>i^ocess  in  the  pages  of 
the  same  journal,  the  writer  says : — 

'*  Especially  important,  too,  is  it,  that  accurate  chemical  analysis  should 
be  resorted  to,  to  show  the  composition  of  tliis  iron,  and  to  prove  that  the 
new  process  will  truly  purge  it  of  sulphur  and  phosphorus,  as  we  understand 
Mr.  Bessemer  to  say  it  will — elements,  the  presence  of  one  per  cent,  of  which 
is  fatal  to  the  quality  of  the  iron. 

"  So  far  as  we  are  aware,  this  important  information  has  not  been  com- 
municated to  the  public ;  and  so  long  a  time  has  now  elapsed  that  we  despair 
of  receiving  it  from  the  quarter  it  was  most  naturally  expected  from.  In  the 
hope  of  contributing  to  tlie  settlement  of  a  question  wliich  has  already  too 
bng  disturbed  the  pubHc  mind,  we  have  imposed  upon  ourselves  a  task  which 
we  think  should  have  been  spared  us,  and  present  to  our  readers  such  an 
analysis  of  Mr.  Bessemer's  iron  as  we  have  been  daily  hoping  to  see  pub- 
lished by  that  gentleman  himself.  The  specimen  we  have  experimented  upon 
possesses  those  physical  properties  which,  from  repeated  descriptions,  tlie 
public  are  sofficiently  familiar  with.  The  iron  consists  of  an  agglutinated 
mass  of  large  brilliant  crystalline  grains,  possessed  of  a  very  imperfect  mallo- 
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ability ;  flattening  under  the  blow  of  a  hammer ;  but 
ing  at  the  edges.  It  is  whoUj  destitute  of  a  fibrous  stmetore,  and  only  ate 
having  been  repeatedly  heated  and  drawn  out  in  a  smith's  forge,  exhibits  the 
properties  of  an  inferior  wrought  iron.  On  analysis  it  was  found  to  haTe  die 
following  composition : — 

Iron       98-9 

Phosphorus 108 

Sulphur 016 

Carbon 0*05 

Silicon traces 


10012 

"  This  composition  is  so  accordant  with  the  physical  properties  of  iron, 
that,  the  composition  being  given,  the  chemist  would  have  no  difficulty  in  pre- 
dicating its  more  marked  characteristics.  Its  crystalline  structure  and  fiisi- 
bility  are  very  satisfactorily  accounted  for.  In  order  more  exactly  to  illnstnte 
the  nature  of  the  change  effected  by  Mr.  Bessemer's  treatment,  we  impend  aa 
analysis  of  refined  iron  produced  at  a  large  establishment  in  the  nei(^ibofor- 
hood  of  Birmingham.  We  are  indebted  to  the  courtesy  of  I>r.  Percy  for  this 
analysis.  In  was  made  in  his  laboratory  by  one  of  his  assistants,  Mr.  Did[; 
the  iron  was  obtained  only  a  few  montlis  ago,  and  may  be  regarded  as  repre- 
senting the  average  composition  of  refined  iron  as  made  at  the 
moment  in  this  neighbourhood : — 

Iron 9514 

Carbon  (combined) 3*07 

Phosphorus 0*734 

Silicon 0-63 

Sulphur 0-157 

Manganese trace 

Residue,  insoluble  in  hydrochloric  acid .    .  0*53 


100-261 


The  residue,  insoluble  in  hydrochloric  acid,  yielded — 

SiUca 0-3 

Alumina,  with  a  little  peroxide  of  iron  .     .    0*14 


0-44 


"  In  contrasting  the  change  effected  by  Mr.  Bessemer's  treatment  with 
that  of  the  refinery,  the  following  particulars  force  themselves  strongly  upon 
our  notice.  Mr.  Bessemer's  method  removes  most  effectually  the  carbon  and 
silicon,  while  in  the  refinery  tliese  are  but  little  diminished.  The  carbon  is 
eliminated  with  a  perfection  which  we  should  scarcely  have  thought  poaaible, 
but  we  are  without  information  as  to  tlie  sacrifice  at  which  this  has  been 
effected ;  the  amount  of  iron  oxidized  by  the  vivid  combustion  which  Mr. 
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Bessemer  indnoes,  we  ore  unable  to  ascertain.  The  point  wliicli  most  promi- 
nently strikes  the  chemist  in  Mr.  Bessemer's  iron,  is  the  large  amount  of 
phosphorus  which  it  contains — an  amount  utterly  fatal,  wo  fear,  to  the  value 
of  Mr.  Bessemer's  method.  His  treatment,  we  suspect,  docs  not  sensibly 
diminish  the  amount  of  this  element ;  but  tliis,  too,  is  a  point  on  which  we 
must  be  dependent  on  Mr.  Bessemer.  Wo  have  had  no  opportunity  of 
examining  the  slag  produced  in  the  treatment;  but  we  learn  from  an  eminent 
chemical  authority,  that  at  least  one  sample  of  it  contains  no  sensible  amount 
of  phosphoric  acid.  We  have  previously  explained  that  it  is  by  the  puddling 
process  Uiat  the  phosphorus  and  sulphur  are  mainly  removed ;  the  chemical 
examination  of  the  tap-cinder  of  the  puddluig  furnace  disclosing  an  abim- 
dance  of  phosphoric  acid.  As  yet,  so  far  as  we  can  learn,  Mr.  Bessemer  has 
done  nothing  towards  the  remo\'al  of  this  pernicious  element,  phosphorus ; 
tnd  in  this  important  respect  his  process  must  be  regarded  as  a  failure.'* 

We  have  elsewhere  incidentally  alluded  to  tlie  strange  oversight  com- 
mitted by  the  objectors  to  Mr.  Bessemer's  process — all  allusion  to  his  ham- 
mering and  squeezing  processes  are  invariably  suppressed ;  consequently 
certain  magical  results  are  expected,  to  wliich,  as  it  appears  to  us,  he  does 
not  lay  claim.  On  the  contrary,  his  specification  distinctly  claims  the  peculiar 
aqueeKing  and  hammering  -  process  already  described;  lateral  compression 
and  elongated  fibrous  expansion  being  the  results  sought  for.  It  is  true,  ho 
only  mentions  this  portion  of  his  improvements  incidentally,  when  he  claims 
for  the  new  process  facilities  for  forming  large  masses  of  iron  capable  of  pro- 
ducing bars  that  could  not  have  been  obtained  by  the  old  process  by  means  of 
powerful  machinery  not  yet  matured,  whereby  great  labour  will  be  saved  and 
the  operation  greatly  exi)edited.  It  is  obvious,  therefore,  that  great  importance 
is  attached  by  the  patentee  to  the  subsequent  operations.  Nevertheless,  with 
tU  our  desire  to  see  Mr.  Bessemer's  process  crowned  ^rith  success,  we  can- 
not avoid  seeing  that  it  has  yet  much  to  overcome.  Early  in  October,  Mr. 
Bessemer  sent  ingots  of  his  pnetunatically  refined  iron  to  the  Dowlais  iron- 
works, where  it  was  operated  upon,  the  result  being  a  fair-faced  iron,  equal, 
apparently,  on  the  outer  surfiELce,  to  any  ever  rolled.  It  stood  the  lever  or 
dead  test  well;  but  the  sharp  blow  of  the  ram,  and  the  sharp  squeeze  of  the 
eccentric  straightener,  it  could  not  bear,  for  which  its  steely  or  crystalline 
structure  probably  accounts.  Practical  men  observed,  that  along  the  surface 
of  the  rail  a  stratum  of  fibrous  iron— -evidently  the  result  of  elongation  through 
the  rolls — presented  itself;  and  this  was  considered  great  encouragement  for 
Mr.  Bessemer  to  prosecute  his  idea  to  perfection. 

In  reference  to  this  railway  bar,  Mr.  Bessemer  states,  tliat  it  was  rolled 
direct  £rom  a  ten-inch  square  ingot,  liaving  passed  through  the  rolls  four- 
teen times.  The  metal  was  not  previously  piled  or  in  any  way  wrought ; 
hot,  notwithstanding  the  extremely  difficult  section,  not  the  smallest  portion 
of  the  flange  was  torn  up.  To  render  the  fabrication  of  the  same  form  of  rail 
pneticable  on  the  old  plan,  twice-rolled  iron  is  used  to  form  the  flange,  and 
tn  shillingB  per  ton  extra  is  being  paid  for  it  in  consequence. 

The  process  is  stated  to  have  been  successfully  applied  to  the  manufiacturo   I 
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of  iron  for  tin-plating.  The  best  poddle-ixon  has  hecetofare  ftdled  to  po- 
duco  the  requisite  toughness,  and  chazooal-Binelted  irosi  has  m  eomeqiiaea 
been  used  for  this  purpose  at  the  extra  cost  of  sevezal  ponnda  per  ton;  M 
wo  have  examined  sheets  rolled  from  ingots  prepared  by  the  new  pneoi, 
remarkable  for  their  thinness,  and  affording  proofs  of  the  great  dndiliiy 
and  toughness  of  its  product 

We  have  also  inspected,  as  instances  of  the  extreme  tenadiy  capabk  of 
being  produced  by  this  process,  rolled  out  metal  of  such  extreme  thinuai 
and  pliability  as  to  bear,  when  annealed,  a  dose  resemblance  in  fthne  to 
paper,  with  much  greater  toughness  and  tenacity. 

Wo  shall  conclude  these  remarks  by  quoting  the  condading  portion  of 
Mr.  Bessemcr's  address  to  the  British  Association : — "  One  of  the  most  im- 
portant fiacts,"  he  says,  "connected  with  the  new  system  of  manu&ctnziig 
malleable  iron  is,  that  all  the  iron  so  produced  will  be  of  that  qoality  known  as 
charcoal  iron ;  not  that  any  charcoal  is  used  in  its  mannfactnte,  but  because 
tlie  whole  of  the  processes  following  the  smelting  of  it  are  conducted  entiiely 
without  contact  with,  or  the  use  of,  mineral  fuel.    The  iron  resulting  there- 
from will,  in  consequence ,  be  perfectly  free  from  those  injurious  properties 
which  tliat  desciiption  of  fuel  never  fiedls  to  impart  to  iron  that  is  bioogbt 
under  its  influence.    At  tlic  same  time,  this  system  of  manufacturing  maHk- 
able  iron  ofTcrs  extraordinary  facility  for  making  large  shafts,  cranks,  and 
other  heavy  masses ;  it  wiU  be  obvious  tliat  any  weight  of  metal  that  can  be 
founded  in  ordinarj'  cast-iron  by  the  means  at  present  at  our  disposal  may 
also  be  founded  in  molten  malleable-iron,  and  be  WTought  into  the  fonns 
and  shapes  required,  pro\'idcd  tliat  we  increase  the  size  and  power  of  our 
macliiuery  to  the  extent  necessary  to  deal  with  such  large  masses  of  metal 
A  few  minutes*  reflection  will  show  the  great  anomaly  presented  by  the 
scale  on  which  the  consecutive  processes  of  iron-maldng  are  at  present 
carried  on.    The  Httlo  furnaces  originally  used  for  smelting  ore,  have  from 
time  to  time  increased  in  size,  until  they  have  assumed  colossal  proportions, 
and  arc  made  to  operate  on  :200  or  300  tons  of  materials  at  a  time,  giving  ont 
ten  tons  of  fluid  mutal  at  a  single  run.    Tlie  manufacturer  has  thus  gone  on 
increasing  the  size  of  his  smelting  furnaces,  and  adapting  to  their  use  the 
blast  apparatus  of  Uic  requisite  proportions,  and  has,  by  tliis  means,  lessened 
tlie  cost  of  production  in  every  way ;  his  large  furnaces  require  a  great  deal 
less  labour  to  produce  a  given  weight  of  iron,  than  would  have  been  required 
to  produce  it  witli  a  dozen  furnaces ;  and  in  like  manner  he  diminishes  his 
cost  of  fuel,  blast,  and  repairs,  Vhile  he  insures  a  uniformity  in  the  result 
that  never  could  have  been  arrived  at  by  the  use  of  a  multiplicity  of  small 
furnaces.    ^Vhile  the  manufacturer  has  shown  liimself  fully  alive  to  these 
advantages,  he  has  still  been  under  the  necessity  of  leaving  the  succeeding 
operations  to  be  carried  out  on  a  scale  wholly  at  variance  with  the  principles 
he  has  foimd  so  advantageous  in  the  smelting  department.    It  is  true  that 
liitherto  no  better  method  was  kno^vn  than  the  puddling  process,  in  which 
from  400  to  500  weight  of  iron  is  all  tliat  can  be  operated  upon  at  a  tune,  and 
even  this  small  quantity  is  divided  into  homoeopathic  doses  of  some  70  lbs.  or 
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.,  each  of  which  is  monlded  and  fashioned  hy  human  labour,  carefully 
ed  and  tended  in  the  furnace,  and  removed  therefirom  one  at  a  time,  to 
refiillj  manipulated  and  squeezed  into  form.  When  we  consider  the 
iztent  of  the  manufacture,  and  the  gigantic  scale  on  which  the  early 
3  of  the  progress  are  conducted,  it  is  astonishing  that  no  effort  should 
been  made  to  raise  the  after  processes  somewhat  nearer  to  a  level  com- 
irate  with  the  preceding  ones,  and  thus  rescue  the  trade  from  the 
uels  which  have  so  long  surrounded  it." 
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CHAPTER  XV. 

METALS  WHICH   ALLOT  WITR  IBOV. 

Iron  and  Manganese. — ^Iron  unites  readily  with  manganese :  where  the 
proportion  of  the  latter  metal  is  considerable,  it  makes  iron  harder,  whiter, 
and  more  brittle.  Hence,  according  to  Berzelius,  iron  in  alloj  with  thii 
metal  is  the  best  for  making  steel.  The  presence  of  a  little  iron  in  manganese 
gives  it  magnetic  properties,  and  renders  it  less  oxidizable  when  exposed  to 
tlie  air.  On  tlie  other  hand,  according  to  M.  Rinmann,  manganese  fiiminitthA 
tlie  magnetic  power  of  iron,  and  in  the  end  destroys  it.  Dr.  Thompson  sayi 
that  a  due  proportion  of  manganese  diminishes  the  fusibilily  of  iron,  aod 
increases  its  ductility.  M.  Karsten  affirms  that  manganese  is  more  freqnent^ 
met  combined  with  iron  than  any  other  metal ;  in  small  proportions,  ft 
hardens  iron  without  diminishing  its  tenacity.  He  has  found  in  bar-iron  of 
good  quality,  185  per  cent,  of  manganese.  It  is  not  ascertained  at  whit 
point  it  begins  to  destroy  the  tenacity  of  iron ;  and  it  is  not  easy  to  make 
experiments  in  the  investigation,  on  accoimt  of  the  high  temperature  required 
to  fuse  the  two  metals.  M.  Berthier  says  that  pigiron  made  from  fecro- 
manganesc  ores,  contains  up  to  007  of  manganese;  that  it  is  extremeljr 
brittle,  lamellar  (in  large  flakes),  white,  and  very  shining.  Mr.  Mushet  has 
experimented  to  combine  manganese  with  iron  in  augmenting  proportions, 
and  concludes  that  the  maximum  of  manganese  in  a  hundred  parts  of  pig-iron 
is  forty.  This  compoimd,  containing  71*4  of  iron  and  28*6  of  manganese,  is 
imafTectod  by  the  magnet.  As  to  tlie  brittleness  of  the  alloy,  it  depends  en 
its  carbon,  and  the  manner  in  wliich  the  carbon  has  combined  with  the  iron. 

Iron  may  contain  large  proportions  of  manganese,  as  much,  indeed,  as 
steel ;  and  steel  need  not  necessarily  contain  manganese.  According  to 
M.  Kai'sten,  it  is  tlie  carbon  in  the  two  which  makes  the  difference  between 
them.  Experiments  have  show^  tliat  fcrromanganese  ores  are  the  most 
likely  to  produce  steel,  a  circumstance  which  has  won  them  their  French 
name  of  mines  trader.  It  is  not,  however,  the  immediate  efiect  of  the  man- 
ganese itself,  but  of  the  manner  in  which  the  carbon  combines  with  this 
metal,  and  which  is  dctennincd  by  tlie  proportion  of  manganese  present 
It  follows,  M.  Karsten  remarks,  tliat  the  white  iron,  which  contains  no  man- 
ganese, ought  to  become  steel  as  readily  as  that  obtained  from  feno-man- 
gauese  ores,  since  the  latter  offer  us  tlie  iron  combined  with  carbon  in  the 
same  manner.  Fact  proves  to  be  in  accordance  with  this  theory ;  but  this 
kind  of  pig-iron  is  generally  morc^^pregnated  with  foreign  bodies  than  the 
iron  obtained  from  ores  containing  manganese. 

M.  Bertliier  found  traces  of  manganese  in  the  white  lamellar  iron  of 
Muscn,  in  Hhenish  Piiissia.     This  iron  contained,  according  to  his  analysis. 
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Mangmese 0046  to  0032 

Carbon 0040 

Silieiiim 0003 


0089 


Aeeordmg  to  M.  Bertiiier,  the  alloy  composed  of 

Iron 0-745 

Manganese 0255 

is  wMter  than  iron,  shining,  very  brittle,  and  with  a  fine  groin.  Tlie  alloys 
of  the  two  metals  are  all  the  more  difficult  to  fuse,  as  they  happen  to  contain 
more  manganese ;  they  are  more  oxidizable  than  iron ;  they  give  out  a  smell 
of  hydrogen  when  breathed  upon,  and  readily  free  themselves  from  a  crust 
ci  black  oxide  when  exposed  to  a  moist  atmosphere.  Warmed  under  the 
breath  and  in  contact  with  siliceous  scoria,  the  manganese  oxidizes  more 
readily  than  iron,  and  dissolves  in  the  slag ;  and  ultimately  all  that  remains 
win  be  pure  iron.  It  is  in  this  way  that  the  refining  of  manganese  irons  is 
eflfected. 

We  give  the  results  of  some  other  analyses  made  by  M.  Berthier,  which 
denote  the  presence  of  manganese  in  certain  crude  irons,  namely : — 


Iran  of  Lohe,  near  Musen,  obtained  from  the  spathic 
iron  of  Stahlberg;  white,  with  large  flakes,  easily 
pmlTerized.  A  natural  steel  is  made  from  it,  which 
enjoys  a  very  high  reputation. 


Iron  of  Ham  (Comte  de  La- 
marck), which  produces  an 
excellent  natural  stceL 


Carbon. 
0-044 
0051 
0  029 


Carbon    .     .  0035 

Silicium  .     .  0*005 

Manganese  .  0*052 

Silicium. 


0124 


0013 
0000 


0019 


Manganese. 
0074 
0045 
0018 


0137 


Iron  of  Biou  Perou,  near  Vizille    (department  dcv 
llaere),  produced  by  fusing  spathic  iron  with  an- 
thracite ;  white,  and  very  lamellar.   Carbon  was  not 
experimented  for.    It  is  said  that  this  is  the  only  T 
known  instance  in  which  a  white  iron  has  been 
produced  out  of  a  combustible  mineral.  J 


Silicium     . 
Manganese 


.  0.002 
.  0040 


0042 


According  to  M.  Karsten,  the  best  mode  of  obtaining  the  manganese  held 
IB  combination  with  iron,  is  as  follows : — Dissolve  tlie  iron  at  lOO"*  in  aqua 
vegia,  and  theA  decompose  (at  a  very  low  temperature)  the  solution,  taking 
eire  to  have  it  very  strongly  acidulated  by  adding  successively  smaU  doses 
of  carbonate  of  ammonia  dissolved  in  water.  If  the  iron  has  been  oxidized  to 
its  maximmn  point,  and  the  liquor  has  been  largely  mixed  with  water,  and 
powerfully  acidulated,  it  will  contain  all  the  manganese. 

IL  Qaemeville  has  proposed  to  separate  the  two  metals  by  precipitating 
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ttot  to  be  much  relied  on,  for  he  does  not  seem  to  have  used  pure  nickel  in  his 
sj^eriments,  and  the  kupfernickel  probably  contained  arsenic  and  sulphur. 
/According  to  Lampadins,  an  alloy  of  five  parts  of  nickel  and  two  parts  of 
iron  is  moderately  hard,  easily  malleable,  and  has  the  colour  of  steel.  The 
illoy  of  these  metals  occurs  native  in  aeroUtes,  where  tlie  iron  contains  from 
Uiree  to  ten  per  cent,  of  nickel.  The  meteoric  iron  of  Baffin's  Bay  contains 
duee  per  cent,  and  that  of  Siberia,  whose  discovery  we  owe  to  Pallas, 
about  ten  per  cent  of  nickel — a  result  for  which  we  are  indebted  to  the 
careful  analysis  of  Mr.  Children.  The  average,  however,  of  the  three  analyses 
made  by  that  gentleman  gives  8*90  per  cent,  of  nickel.  But,  according  to  the 
experiments  of  M.  Karsten,  the  sulphur  foimd  by  M.  Laugier  in  Siberian 
Iran,  is  in  the  state  of  common  pyrites  ;  and  he  infers  that  this  meteoric  iron 
must  be  a  mixture,  and  not  a  chemical  combination. 

It  will  perhaps  be  interesting  to  record  the  quantities  of  nickel  contained 
m  different  masses  of  meteoric  iron,  found  at  different  points  of  the  globe. 
For  a  long  time  there  was  much  doubt  as  to  the  origin  of  these  masses  of 
native  iron ;  but  the  remarkable  fall  which  took  place  at  Agram  on  the  20th 
of  May,  1751,  established  the  existence  of  tliese  phenomena  beyond  further 
question.  The  analysis  of  the  aerolites  revealed  the  presence  of  nickel, 
which  has  ever  since  been  regarded  as  one  of  their  distinctive  characteristics. 
But  the  progress  of  chemistry,  and  a  more  minute  analysis,  have  led  to  the 
discovery  of  their  containing  other  metals  besides  nickel ;  and  the  investi- 
gaUons  of  M.  Yauquelin  have  even  gone  a  step  further,  and  sho>vn  that  some 
meteoric  stones  which  indisputably  fell  at  Chassigny,  near  Langres,  did  not 
eontain  any  trace  of  nickel. 

M.  Proust  was  the  first  to  establish  the  existence  of  nickel  in  the  native 
iron  of  Tacumana  in  America.  A  few  years  later,  M.  Klaproth  showed  that 
nickel  was  present  in  all  the  native  iron  that  he  had  then  examined,  and 
^ch  appeared  to  him  evidently  of  meteoric  origin.  He  found  in  native 
iraafrom — 

Siberia     .    06' 75  of  iron  and  3*25  of  nickel. 

America   .    07*50         „  2*5  „ 

Hungary  .    06*5  „  8*5  „ 

Bohemia  .    08:5  „  1*5  „ 

A  little  later,  Messrs.  Boussingault  and  Mariano  de  Rivero  examined  dif- 
ferent masses  of  meteoric  iron  which  had  been  found  on  the  Eastern  Cordil- 
leras. A  mass,  measuring  1 02  cubic  decimetres,  or  about  3^  cubic  feet,  was 
found  in  1810  upon  the  hill  of  Tocavita ;  its  weight  could  not  have  been  far 
ahort  of  eighteen  hundredweight.  The  iron  of  which  this  mass  consisted  was 
eeOular,  malleable,  and  of  a  granular  structure ;  it  could  be  easily  filed ;  it 
Iiad  a  silver-white  lustre,  with  a  specific  gravity  of  7*3.  At  the  time  that  this 
mass  was  discovered,  a  great  many  smaller  fragments  were  found  on  other 
points  of  the  same  hill.  Messrs.  Boussingault  and  de  lUvero  collected  two 
of  them ;  one,  weighing  681  grammes,  or  about  22  oz.,  consisted  of  a  malleable 
inm  that  resisted  filing.    It  had  a  white,  silvery  lustre,  with  as  fine  a  grain  as 
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steel;  it  forged  tolerably  well,  but  was  brittle  irtien  heated;  its  q^edfie  gnvifev 
was  7*6.  Another  fragment,  weighing  561  grammes,  or  about  18  QE.,eQn^rtBdof 
iron,  cellular  in  structure,  difficult  to  be  filed,  but  mallesble ;  of  a  nlriBrf  lutR, 
witli  a  texture  similar  to  that  of  drawn  casteteeL  Some  other  stones  ymt 
found  near  a  village  called  Rusgata.  A  mass  wei^iiBg  about  one  himdrei- 
weight,  wliich  these  gentlemen  examined,  presented  no  cavities — ^its  tezton 
WHS  cr}'8talline ;  although  resisting  the  file,  it  was  malleaUe,  snd  hsd  i 
silvery  lustre,  with  a  specific  gravity  of  7*6.  Another  mass,  weighing  abcsl 
fifty-nine  pounds,  found  in  the  same  place,  was  almost  spherical  in  fom, 
showed  a  great  number  of  cavities,  was  very  malleable,  and  the  fractmes  hid 
a  silvery  lustre. 

Messrs.  Boussingault  and  de  Eivero,  having  made  the  analysis  of  tkcN 
masses  and  fragments,  have  given  the  following  as  the  xesolts : — 

Massofl8cwt.       .    .    .  01*41  of  iron     8'50ofnickeL 

Fragment  of  2*2  ounces      .  9123      „  8-21        „  plosxesidneofO'^ 

FmgmentoflB      „      .     .  01*70      „  6*36  of  nickel 

Mass  of  109  lbs.      .     .     .  00*76       ..  7*87 

Mass  of  59  lbs 7  to  8  per  cent  of  uickcL 

Tlio  following  is  the  procedure  employed  by  these  gentlemen : — The  frag- 
ment for  analysis  vrna  immersed  in  nitric  acid,  and  dissolved  rapidly,  lesTiBg 
but  a  very  trilling  residue.  To  oxidize  tlie  iron  to  the  proper  point,  the  solu- 
tion was  tlien  evaporated  almost  to  drj'ness ;  water  was  then  added,  and 
tlie  whole  precipitated  by  ammonia.  The  oxide  was  separated  by  filtration, 
and  llien  washed  A\ith  hot  water.  The  ammoniacal  liquid  presented  a  dis- 
tinct azure-green  colour.  Ferrocyanide  of  potossiiun  produced  a  white  pre- 
cipitate of  a  slightly  green  cost ;  a  circmnstauce  which  proved  that  the  colour 
arose  from  the  presence  of  nickel,  and  not  from  tliat  of  copper.  To  this 
ammoniacal  solution,  reduced  by  eva2)oration  to  half  its  quantity,  caustic 
potash  was  added;  and  to  make  sure  of  tlic  entire  decomposition  of  the  donbk 
salt  of  ammonia  and  nickel,  the  whole  of  the  liquid  was  evaporated,  water 
was  added  to  the  residue,  and  there  remained  the  oxide  of  nickel. 

To  collect  the  nickel  which  may  have  remained  with  tlie  oxide  of  iron 
precipitated  from  the  nitric  solution,  the  oxide  was  dissolved,  while  moist,  in 
acetic  acid.  The  residue  having  been  dried,  was,  witli  i)roper  precaution, 
treated  with  water ;  then,  after  passing  the  liquor  through  a  filter,  carbonate 
of  potash  was  added,  which  produced  a  slight  white  precipitate;  and  on 
boiling  this  solution,  tlie  precipitate  ignited  gave  the  oxide  of  nickeL 

The  following  is  the  process  followed  by  Mr.  Children,  in  the  analyses 
which  he  made  of  the  meteoric  iron  of  Siberia : — ^He  first  dissolved  it  in 
aqua  regia,  tlien  precipitated  tlie  oxide  of  iron  with  pure  ammonia ;  washed, 
and  ignited  tlie  precipitate.  Tlie  ammoniacal  solution  >vas  evaporated  to 
dryness,  the  ammonia  driven  off  by  heat,  tlie  oxide  of  nickel  again  dissolved 
in  nitric  acid,  and  precipitated  by  pure  potash,  after  the  mixture  had  been 
submitted  to  ebulhtion  during  some  seconds.  The  precipitates  were  bested 
to  redness.     M.  Karsten  recommends,  in  testing  for  nickel,  the  use  of  mt- 
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eimUe  of  ammonui,  which  he  finds  better  than  ammonia ;  but  it  is  essential, 
he  MIJ8,  that  the  iron  should  be  entirely  converted  into  peroxide,  and  tliat 
the  Bokition  should  be  completely  neutralized  by  caustic  ammonia  before 
precipitating  the  oxide  of  iron  by  the  succinate.  It  is  also  essential  that 
ihe  solution  should  be  largely  diluted  with  water. 

Mr.  G.  A.  Sheppord  has  analyzed  the  aeroUtes  of  Louisiana,  and  finds 
their  composition  to  be : — 


Iron 1)0020 

Kickel 0074 

Loss 0'.*]0G 


100000 


k  meteorolite  which  fell  near  Kostriz  in  Ilussia,  on  tlie  13th  of  October,  1819, 
contained,  accordin;^  to  the  analysis  made  by  M.  Strome3'er,  17*49  per  cent,  of 
iron,  and  1*30  of  nickel,  in  a  state  of  alloy.  M.  Momay  also  found  in  181 1, 
near  Bahia  in  the  Brazils,  a  mass  of  meteoric  iron  wliich  had  been  first 
obserred  in  1784,  and  which  was  about  seven  feet  long,  four  feet  liigh,  and 
two  feet  thick,  the  total  size  being  about  twenty-eight  cubic  feet.  Mr.  Wollas 
ton,  who  analyzed  a  fragment  of  the  mass,  found  four  per  cent,  of  nickel. 

A  fragment  of  the  ocroUte  found  by  Captain  Barrow  in  the  South  of  Africa, 
abont  200  miles  from  tlie  Cape  of  Good  Hope,  full  into  the  Iniuds  of  Mr. 
Soweiby,  who  in  1H20  converted  it  into  a  sword-blade  about  two  feet  and  a 
half  long.  The  blade  acquired,  in  tempering,  a  ver}'  remarkable  degree  of 
<!hiticity.  It  is  now  the  property  of  tlie  Emperors  of  Ilussia.  An  analysis 
Slide  by  Mr.  Tennant,  represents  the  aerolite  to  have  coutauied  ten  per  cent, 
af  nickeL  M.  Stromeyer  has  often  found  in  the  analyses  of  ai'rolitcs,  notable 
proportions  of  nickel,  which  could  not  be  detected  b}-  tlie  loss  delicate  metliods 
PRvioosly  employed. 

The  Esquimaux  whom  Captain  Ross  encountered  in  liis  expedition  to 
tiie  North  Pole,  used  knives  coarsely  made  out  of  aiiroUtes  found  in  Green- 
hnd.     Mr.  Wollaston  confirmed  this  fact  by  an  analysis,  from  wliich  it 
nsulted  that  the  iron  contained  the  customary  proportion  of  nickel.    Aerolitic 
inm  is  ordinarily  very  soft    It  shares  this  quality  with  all  iron  deficient  in 
cvbon.    There  are  some  specimens,  however,  in  which  this  is  not  the  case ; 
ttd  then,  if  we  are  to  beUeve  M.  Karsten,  the  iron  owes  its  hardness  to 
sonie  other  substances  besides  carbon,  and  which  are  often  only  found  in  a 
itate  of  mixture.    When  tlie  Siberian  meteoric  iron  is  heated  to  fauit  redness, 
ciTBtalline  figiunss  appear  at  tlie  surface ;  and  when  the  polished  surface  is 
Wted  till  it  becomes  blue,  yellow  markings  appear,  which,  according  to  Ber- 
ttlios,  are  remarkably  beaittiful.      These  compoimds  may  Ik)  produced  arti- 
fidany.    They  are  ductile ;  but  when  tlie  nickel  amounts  to  more  tlian  one- 
tenth,  they  are  less  ductile.    The}'  do  not  rust  so  easily  as  iron.    I^ofessors 
Faraday  and  Stodart  have  succeeded  perfectly  in  obtaimng  these  compounds 
trtificially.    To  some  specimens  of  good  iron,  they  added  three  per  cent,  of 
nickel ;  the  mixture  was  then  put  in  a  crucible,  and  exposed  to  a  high  tem- 
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pemhire  diiriug  Beveral  hours.  The  metals  were  melted ;  and  on  exammng 
tlie  button,  tlio  nickel  was  found  combined  \iith  the  iron.  The  alloj  appealed 
to  be  as  nmllcable  and  easily  worked  as  pure  iron ;  its  cohmr  was  tolenblv 
wliito  when  polished ; — tlio  specific  gravity  was  7*804.  They  were  eqnallr 
successful  in  preparing  an  alloy  corresponding  to  the  Siberian  meteoric  iron. 
Tliey  melted  horse-shoe  nails  with  ten  per  cent,  of  nickel :  the  metals  were 
found  perfectly  combined,  but  the  alloy  was  less  malleable  and  was  easfly 
broken  under  the  hammer.  Polished,  it  had  a  yellow  tinge ;  its  specific  gra- 
vity was  7*8 1().  This  alloy  was  affected  veiy  shghtly  by  hiunidify,  compazod 
to  what  would  have  happened  had  the  iron  been  pure. 
According  to  M.  Bcrthier,  the  alloy  consisting  of — 

Iron 0-917     12  at. 

Nickel 0083       1  „ 

which  is  obtained  by  reducing  a  mixture  of  the  two  oxides  in  a  cmcible 
lined  with  charcoal,  is  semi-ductile,  very  tenacious,  and  has  a  granulsr  fnc- 
tiu-e,  slightly  lamellar.     Tliis  alloy  is  identical  with  meteoric  iron. 

Iron  and  Gold. — Iron  readily  unites  with  gold  by  fusion,  in  all  propor- 
tions, and  in  all  its  states,  as  malleable  iron,  oast-iron,  and  steel.  Tlie  aflfijutr 
between  the  two  metals  is  very  great,  and  their  alloy  is  difficult  to  decompose. 
Tlie  gold  facilitates  the  fusion  of  iron — a  fact  which  sufficiently  indicates  the 
tendency  of  the  two  metals  to  combine.  M.  Gellert  concludes  from  this 
circumstance  that  gold  is  much  better  than  copper  for  soldering  works  in  irou 
and  steel,  where  delicate  workmanship  is  required.  He  has  likewise  assignc^l 
to  iron  the  first  place  among  metals  in  tlie  onler  of  affinities  for  gold.  We 
cannot  stir  gold  iu  a  state  of  fusion  with  an  iron  rod,  on  account  of  the  iron 
dissolving  in  small  quantity.  Accorduig  to  M.  Karsten  and  otliers,  iron  does 
not,  to  any  remarkable  extent,  weaken  the  tenacity  of  gold ;  and,  on  the 
otlier  hand,  it  does  not  appear  that  gold  produces  any  bad  effect  on  the 
ii'on. 

Messrs-.  ^lacquer  and  I.eonhardi  mention  the  following  ahoys  as  the  resuh 
of  experiments  made  by  the  Count  de  Sickingen : — Three  parts  of  iron  and  one 
l)art  of  gold  enter  into  fusion  together  at  a  temperature  inferior  to  that  neces- 
sary for  melting  iion.  Equal  parts  of  the  two  metals  gave,  by  fusion,  a 
grayish  moss,  somewhat  brittle,  and  attracted  by  the  mngnet.  WiUi  six  parts 
of  gold  and  one  of  iron,  a  white  alloy  is  obtained,  which  is  attracted  by  the 
magnet,  ductile  while  cold,  and  at  a  moderate  heat  becomes  yellow,  red,  and 
blue.  Nine  parts  of  iron  and  one  of  gold  form  an  alloy  which  resists  the  file, 
unless  previously  subjected  to  a  red  heat.  With  twenty-eight  parts  of  iron 
and  eight  of  gold,  the  alloy  is  as  wliite  as  pure  silver,  and  more  yielding  under 
tlie  file  and  hammer  than  ductile  iron. 

According  to  M.  Hatchett,  the  alloy  formed  "with  eleven  parts  of  gold  and 
one  of  iron  is  ver}'  ductile,  of  great  resisting  power,  and  harder  than  goM. 
Witliout  any  preparation  it  can  readily  bo  cut  into  blocks,  laminated,  or 
struck  into  medals.  Tliis  alloy  is  of  a  pale  yelloT^ishgray  colour,  approach- 
ing to  a  dirty  white.    Its  specific  gravity  is  16-885.     There  is  an  expansion 
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of  volume  after  the  union  of  the  two  luctals.    Supposing  it  to  have  been 
1000  beforehand,  it  is  1014*7  afteni^^ards. 

We  learn  from  M.  Dumas  that  tlie  alloy  which  contains  a  twelfth  of  iron 
is  of  a  pale  yellowish  colour ;  that  containing  from  a  fiftli  to  a  sixth  is  yellow- 
gray,  and  is  employed  in  jewellery  under  the  name  of  gray  gold ;  while  the 
aUoy  of  three  or  four  parts  of  iron  for  one  of  gold  is  grayish-wliite  and  very 
hard. 

These  alloys  may  be  tempered,  take  a  veiy  liigh  polish,  and  A\'ill  make  very 
excellent  cutting  instnmients ;  nearly  equal,  indeed,  it  is  said,  to  steel,  when 
the  iron  is  in  tolerably  large  proportions.  Dr.  Lewis  has  succeeded  in 
making  excellent  razors  with  them.  The  alloys  in  wliich  gold  predominates 
serre  to  make  gold  of  different  colours,  and  are  employed  by  jewellers  for 
this  purpose. 

For  gilding  iron,  several  processes  are  employed.  After  polishing  the 
surface,  it  is  covered  witli  a  leaf  of  gold,  or  it  may  have  a  coating  of  vaniish, 
which  is  burnt  in  after  having  laid  on  the  leaf  of  gold ;  or  we  may  precipi- 
tate upon  the  iron  the  gold  dissolved  in  aqua  rogia,  and  in  tliis  case  tlie  solu- 
tum  must  be  diluted  with  sulphuric  etlier ;  or,  finally,  wo  may  rub  the  metal 
with  an  amalgam  of  gold,  and  drive  off  tlie  mercury  by  sublimation.  This 
is  called  iircgilding,  and  requires  tlie  surface  of  the  iron  to  be  covered  in  the 
first  place  with  a  slight  follicle  of  copper,  laid  on  by  the  aid  of  a  solution  which 
is  made  as  foUo^vs : — 

2  oz.  of  concentrated  sulphuric  acid,  or  3  oz.  if  the  acid  be  less  strong. 
}  „  of  alum. 
i  „  of  sal  ammoniac. 
f  „  of  sulphate  of  copper. 
i  „  of  sulphate  of  zinc. 
6  „  of  pure  vinegar. 
Hie  whole  dissolved  at  a  moderate  temperature  in  three  pounds  two  ounces 
of  rain  or  river  water. 

The  iron  is  rubbed  with  this  liquor  and  with  mercury  untU  a  pale  coating 
presents  itself,  witli  small  drops  of  the  liquid  metal  on  the  surface.  Then, 
imd  not  till  then,  it  is  treated  with  the  amalgam.  The  mercury'  may  be 
sablimed  at  a  temperature  corresponding  to  that  which  produces  the  violet 
cobur  in  the  annealing  process. 

An  easy  and  successful  mode  is  to  apply  leaves  of  gold  to  u*on  covered  ^vith 
a  slight  coating  of  precipitated  copper.  There  is  also  another  kind  of  gilding 
i\'hich  is  effected  by  incrustation,  or  Juiche,  It  is  imnccessary  to  state  that 
electro-gilding  has  superseded  most  of  these  processes. 

We  sometimes  meet  in  commerce  witli  gold  alloyed  or  mixed  with  iron,  or 
^  articles  which  have  been  worn  out  in  domestic  or  otlier  uses.  In  order 
to  remove  the  gold  from  the  surface  with  as  little  mixture  as  possible  of  iron, 
it  is  rubbed  with  a  file,  or,  still  better,  subjected  to  the  action  of  substances 
which  dissolve  the  gold,  or  detach  it  by  acting  upon  the  iron,  lllus,  for 
example,  M.  Berthier  recommends  smearing  tlie  surfoce  with  sal-ammoniac 
moistened  with  nitric  acid,  and  then  heating  nearly  to  dryness ;  or,  still  better. 
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to  rub  it  with  oil,  and  then  sprinkle  it  with  a  nmLtare  of  two  pnti  of  mI- 
ammoniac  and  ono  part  of  nitre,  and  then  heat  it.  After  either  of  Aaie 
operations  tlie  gold  detaches  itself  by  coSisiont  or  by  simply  xiibfaing  wiOk  t 

scratch-bmsU. 

Tlic  ditl'crcnt  mixtures  of  gold  and  iron  may  be  assayed  by  meltiDg  ten 
with  litliarr^e  or  witli  nitre,  and  adding  lead,  after  fbaion,  in  order  to  cdkcfi 
all  the  particles  of  metal ;  or,  better  still,  bj  submitting  them  to  scarification 
witli  about  sixteen  parts  of  lead  and  a  small  proportion  of  borax.  To  lept- 
rate  gold  from  iron,  ancient  metallurgists  prescribed  yarioas  methods.  Sflne 
melted  the  alloy  with  sulphur  and  three  parts  of  potash  ;  they  then  iradud 
in  water,  wliicli  dissolved  the  sulpludo  of  gold,  precipitated  the  solphide  vita 
an  acid,  and  separated  the  gold  from  it  by  the  means  we  have  already  iidi- 
cntod.  Otlici's  melted  with  one  part  of  copper  and  two  of  sulphur ;  thcneitker 
run^ted  the  sulphide  or  treated  it  with  nitric  acid,  and  mdted  the  oxidized 
substance  with  hthargc  and  black  flux.  Copper,  from  its  affinity  to  gold,  is 
in  tmth  one  of  the  most  active  agents  that  can  be  employed  to  separtfe  thi» 
metal  from  its  combination  by  the  tfr^  method.  Some  employed  the  eos- 
trary  method,  dissolving  it  by  aqua  regia,  and  precipitating  the  gold  inili 
the  protosulpbate  of  iron. 

"We  may  also  scparnto  pold  from  iron  by  means  of  sulphide  of  antimony. 
Tliis  is  not  a  f^ood  proccMlurc  for  assays,  but  it  is  used  by  goldsmiths  to  brin^' 
the  gold  to  a  lii;j;h  standard,  as  it  removes  the  minutest  traces  of  other  metak 
even  of  silver,  which  it  often  retnins  after  cupellation.  The  operation  is  thus 
porfonncd  : — The  gold  is  heated  m  a  crucible ;  and  when  melted,  pure  sulphMJf 
of  antimony  is  thrt>\m  upon  it  in  the  proportion  of  from  two  to  four  parts,  accord- 
in  ;X  to  the  greater  or  less  abundance  of  foifign  metals.  Tlie  heat  must  be  appM 
gently  to  prevent  bubbling  over,  and  care  taken  that  no  cinders  fall  mto  the 
mass  in  fusion,  h'st  it  cause  it — as  is  hkelv — to  hoil  over.  To  avoid  tLi^ 
risk  of  this  accident,  tbe  cnicible  should  be  of  a  size  which  would  leave  oDe- 
third  free,  even  when  the  mixture  of  gold  and  sulphide  of  antimony  is  in  full 
fusion.  All  foreign  metals,  even  silver,  pass  into  tlic  state  of  sulphide:  and 
the  antimony,  which  the  sulphur  has  abantlonetl,  remains  alloyed  with  the 
gold.  The  mixture,  when  melted,  is  poured  into  a  conical  ii"on  ingot>moald. 
tlio  sulphide  of  antimony  separated  from  the  gold,  which  is  again  melted 
with  a  new  dose  of  suli)hidc  of  antimony :  and  tliis  takes  place  as  often  as  mtv 
be  deemed  necessary  for  its  purification.  "VNlien  the  proiwrtion  of  iron  com- 
bined or  mixed  with  gold  is  considerable,  it  is  usual  to  add  sulphur  to  the 
siilphide  of  antimony  in  the  first  treatment. 

Iron  and  Platinmn. — Iron  combines  with  platinum  in  all  proportions. 
Tliis  combination  occurs  native,  platimmi  being  ordinarily  foimd  alloyed  witli 
iron.  This  alloy  is  easily  made  in  an  ordinary  furnace,  and  we  should  there- 
fore be  cautious  in  putting  iron  in  contact  with  vessels  of  platinum  at  a  hig^ 
temperature.  Dr.  Ijcwis,  however,  could  not  succeed  in  the  attempts  he 
made  to  unite  tin  se  metals  b}*  fusion — a  fact  which  probably  arose  from  hi> 
using  ductile  iron ;  but  he  was  more  fortunate  when  he  melted  together  native 
platinum  and  ])ig  iron.    Tlie  alloy  was  excessively  hard,  but  possessed,  never- 
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iheless,  Bomo  ductility  when  the  iron  formed  about  three  quarters  of  it.  Its 
specific  gravity  considerably  exceeded  the  mean  density  of  tlie  two  metals, 
the  platinum  having  destroyed  in  the  iron  its  property  of  expanding  as  it 
became  solid.  This  alloy,  at  the  end  of  ten  years,  was  very  Uttle  tarnished. 
At  a  red-heat  it  became  brittle,  and  its  fracture  was  black,  witliout  any 
metallic  lustre. 

According  to  the  experiments  of  Messrs.  Faraday  and  Stodart,  equal  parts 
of  these  two  metals  give  a  crystalline  alloy,  susceptible  of  a  fine  polish,  and 
mth  a  density  of  9*862 ;  it  does  not  tarnish  in  the  air,  and  would  be  suitable 
for  mirrors.    This  alloy  is  tolerably  fusible. 

Platinum  and  iron  may  be  joined  by  soldering  them.  Messrs.  Faraday 
and  Stodart  united  by  this  method  tlireads  of  tlie  two  metals,  and  obtained 
from  them  a  handsome  specimen  of  damaskeening,  by  treating  them  as 
for  damaskeened  steel. 

M.  Berthier,  who  heated  in  a  crucible  lined  with  charcoal,  to  150°, 

Platmum   .    .    0*248      1  at.     .     .    0*470     1  at. 
Iron.     .     .     .    0*752    10  „      .     .     0*524    4  „ 

found  the  two  mixtures  fused  Tvithout  difficulty.  The  first  button  weighed 
1*013 :  the  carbon  absorbed,  therefore,  was  0013.  The  second  button  weighed 
but  1*003,  and  had  therefore  absorbed  but  0*003  of  carbon.  The  two  alloys 
became  completely  flattened  under  the  hammer  before  breaking ;  their  frac- 
tnze  was  gray,  granular,  and  a  little  interwoven.  They  were  easily  filed,  took 
a  fine  polish,  and  their  colour  was  rather  that  of  platinum  than  of  iron.  The 
alloy  consisting  of  one  atom  of  each  metal  did  not  melt  readily  at  a  tcmpera- 
tme  of  150^ 

Platinum  combined  with  iron  is  more  readily  acted  upon  by  acids,  and 
may  be  dissolved  by  nitric  acid.  To  make  an  analysis  of  a  binary  alloy  of 
these  metals,  it  should  be  treated  with  aqua  regia.  The  metals  are  then  pre- 
cipitated with  zinc,  the  precipitate  digested  with  nitric  acid,  when  the  platinum 
will  remain. 

boa  and  Lead. — Chemists  are  not  agreed  as  to  the  combination  of  these 
metals :  some  doubt  the  fact,  others  admit  it  under  some  circumstances  only, 
and  some  regard  it  as  impossible.  Among  others,  M.  Berthier  is  of  the  last 
opinion.  Messrs.  Macquer  and  Leouhardi  say  that  iron  is,  of  all  metals, 
the  only  one  that  has  never  been  alloyed  with  lead.  M.  Gellert  remarks 
that  this  property  of  iron  renders  it  very  fit  for  separating  lead  from  other 
metals,  in  cases  where  they  have  less  affinity  for  the  lead  than  for  the  iron. 
It  is,  at  all  events,  certain  that  the  lead  may  itself  serve  as  an  intermediate 
means  of  separating  iron  from  other  metals — ^firom  silver,  for  example ;  for  in 
mating  a  suflicicnt  quantity  of  lead  with  an  alloy  of  iron  and  silver,  tlie  lead 
seizes  eagerly  on  the  silver,  and  isolates  the  iron,  which  is  seen  to  swim  on 
the  snx&oe  of  the  lead  and  silver. 

M.  Mnschenbroeck  asserts  that  he  has  been  able  to  combine  by  fusion 
400  parte  of  iron  with  134  of  lead,  and  thus  to  have  formed  a  hard  alloy 
ivliose  Uauuatf  was  not  the  half  of  that  of  pure  iron.    He  aAsetta  «1&q  IViaI  v. 
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applaud  the  efibrts  of  thoM  motaUozgHto  «iio  lum 
meats  in  reference  to  this  8iib)eot    In  tlia  tm 

he  added  to  the  erode  iron  in  the  fiiak  ea^erimmt,  oaib  par  muL  of  laad,  ani 
for  the  second  one  per  cent  of  lithaigB.  ThaizonthiiaobteiiiadiliadsoddMt; 
but  its  analjais  presented  no  traee  of  lead,  and  tfaa  anl^imttad  hydiyga 
nsed  wonld  have  readily  diaooyered  it,  had  any  been  pireaeaat  Thmmmfm- 
ments  were  repeated  a  third  time  ifilih  two  per  cent  of  liihaiga,  aad  fhraiibiiil 
the  same  results. 

lion  and  Votaaelwn.— Aocozding  to  Benelias,  haa,  rcwlifnie  vift 
potassiiun  by  means  of  heat,  and  the  alloy  mehe  more  eaai^  than  pare  izQB, 
especially  when  exposed  to  the  air.  Air  and  water  both  deeonpoae  ttii 
alloy.  According  to  M.  Karsten,  cast-iron^  when  fiued  with  polaahv  beeoMi 
converted,  first  into  a  steeMike  iron,  and  then  into  pare  iiottv  haeame  At 
carbon  is  consumed  in  the  reduction  of  the  alkali;  bat  tilie  iron  4oas  not 
enter  into  combination  with  the  potaninm  on  aeeonnt  of  thia  mefeal  neibefa^ 
sufficiently  fixed.  It  is  for  this  reason  alao*  aaya  M.  Kanrtan*  that  no  ilky 
is  obtained  when  iron  and  potassiam  are  fiiaed  with  the  addition  of  chanod; 
or  even  when  we  melt,  as  M.  Serullas  has  done,  a  mixture  of  iron-filings, 
tartrate  of  potash,  and  soot.  That  gentleman  is  said  to  have  obtained  in 
this  way  a  compound  of  iron  and  potassium,  which  was  both  gray  and  brittle ; 
but  M.  Karsten  remarks,  that  in  this  operation  the  iron  was  probably  chan^ 
into  crude  iron  or  steel. 

M.  Karsten  considers  it  proved  by  the  experiments  of  M.  Hassenfrttc, 
that  potassium  can  have  no  mischievous  influence  on  the  quality  of  iron.  A 
gun-barrel,  which  had  been  used  to  decompose  potash,  and  in  which  a  oob- 
sidcrablo  quantity  had  in  fact  been  deoxidized,  admitted  of  being  foiged  with 
ease,  and  the  iron  was  neither  defective  in  texture  nor  brittle  when  coUL 
M.  KarHten  furtlier  illustrates  tliis  by  pointing  out  that  if  potassium  com- 
bined ^-itli  iron,  we  ought  to  find  it  in  all  cases  when  the  orea  are  treated 
with  charcoal.  Yet  they  have  never  given  a  trace  of  it  on  analysis.  If 
chemical  means  cannot  discover  it,  it  must  be  because  it  exists  in  very  smill 
quantitiesln  the  metal,  and  this  small  quantity  is  insufficient  to  oommunieete 
any  defect  to  the  iron.  Neither  has  M.  Karsten  foimd  any  potash  or  poteesiiiBi 
either  in  the  slag  of  blast-furnaces,  or  in  the  crude  iron  smelted  by  chareotl; 
and  thence  he  infers  that  the  potassium  is  reduced  in  blast-fumaoes,  is  then 
sublimed,  and  escapes  either  by  tlie  ffiouth  or  from  the  hearth.  We  mey. 
indeed,  collect  the  potash  deposited  with  several  other  volatile  sobstanoes 
upon  the  tymp  and  the  walls  of  the  furnace.  These  deposita  contain  not 
only  carbonate,  but  also  chloride  and  cyanide  of  potassium.  Acoording  to  the 
exx>eriments  of  M.  Berthier,  the  sublimate  collected  from  the  tymp  eontsins 
much  potash,  even  when  the  blast-furnace  is  fed  by  coke.  Ncverthdess,  it  is 
just  possible  that,  under  other  circumstances,  in  the  fire  of  a  refineiy  for 
example,  iron  may  combine  with  potassium  or  sodium. 

To  certify  tliis  conjectmre,  M.  Karsten  added  to  crude  iron  during  tiie 
refinery  operation  five  or  six  per  cent  of  potash  and  of  soda.  The  iron  beeeae 
less  easily  welded,  and  of  very  much  less  tenacity,  although  it  contained  only 
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a  trace  of  these  alkalies.  It  was  not  to  be  doubted  that  it  was  to  their 
influence  the  bad  quality  of  the  metal  was  to  be  attributed ;  but  we  are  all  the 
less  surprised  at  tliis,  as  we  know  of  many  other  bodies  which,  in  very  small 
doses,  produce  analogous  effects  upon  iron. 

But  these  results  are  of  small  unportance  to  ironmasters.  In  practice, 
we  are  assured  by  M.  Karsten,  it  can  never  happen  tliat  iron  will  be  foimd  in 
contact  with  alkalies  in  quantities  like  these.  M.  Karstcn  expresses  the 
opinion  that  00005  of  potassium  hardens  ii'on,  and  diminishes  its  capabihty 
of  being  welded. 

Iron  and  Silicium. — ^According  to  Bcrzelins,  silicium  unites  with  iron, 
but  only  at  the  instant  tliat  it  is  set  at  liberty — ^tliat  is  to  say,  in  tlie  nascent 
state.  When  once  isolated,,  the  siliciiun  no  longer  combines  ^nth  the  iron, 
and  it  acts  in  tlie  same  manner  in  reference  to  other  metals  susceptible  of 
forming  alloys  with  it.  Messrs.  BerzeHus  and  Stromeyer  succeeded  in  forming 
a  compound  of  silicimn  with  iron  by  cementing  iron-iiliiigs  in  silex  reduced 
to  a  fine  powder,  and  mixed  witli  pulverized  charcoal.  Tliis  mixture  was 
composed  of  3  parts  of  iron,  1^  of  silex,  and  0*00  of  charcoal,  and  exposed  to 
the  utmost  heat  of  the  blast-furnace.  The  iron  in  tliis  operation  enters  into 
alloy  Avith  the  silicium,  as  in  similar  circumstances  it  unites  witli  carbon. 
The  silicidc  of  iron  thus  obtained,  is  of  a  silver-white  colour,  and  ductile  :  its 
specific  gravity  is  6*7  to  7"3,  while  that  of  the  iron  used  was  7'8285.  We  do 
not  know  in  what  proportion  of  iron  and  siliciiun  tliis  union  may  take 
place. 

This  alloy,  dissolved  in  acids,  disengages  silica  as  a  porous  mass  of  about 
the  dimensions  of  the  dissolved  silicide.  Tlie  alloy  must  be  heated  to  be 
dissolved  in  sulphuric  acid.  Dissolved  while  cold  in  hydrochlonc  acid,  it 
causes  the  disengagement  of  more  hydrogen  than  an  equal  quantity  of  iron. 
To  judge  by  these  experiments,  siliciimi  will  not  ailect  in  a  very  sensible  man- 
ner the  tenacity  and  hardness  of  iron,  but  it  diminishes  its  specific  gra\'ity. 
According  to  M.  Karsten,  however,  it  is  easy  to  sec,  in  operations  on  a  largo 
Bcale,  that  silicium  is  very  injurious  to  the  qualities  of  iron ;  and  that  a  great 
part  of  tlie  iron  which  is  brittle  when  cold,  or  cold-shorty  owes  its  brittleness 
to  small  doses  of  tliis  earthy  metal. 

The  tenacity  or  strengtli  of  iron  is,  according  to  tliis  metallurgist,  con- 
siderably diminished  by  the  presence  of  0*37  per  cent,  of  silicium.  His  ex- 
periments have  likewise  shovn  that  the  action  of  silex  on  iron  is  much  more 
injurious  than  that  of  phosphorus. 

MM.  Janoyer  and  Gautliier  have  found  that  the  strength  of  iron,  smelted 
with  the  hot  blast,  depends  very  much  upon  the  amount  of  carbonate  of  lime 
used  in  the  operation.  Haw  iron  smelted  with  a  charge  tliat  yielded  a  slag  in 
which  the  proportion  of  lime  and  alumina  to  sihca  was  B?,  Aio,  had  Httlo 
strength,  but  broke  readily,  and  analysis  showed  that  it  contained  three  per 
cent,  of  silicon.  The  large  amount  of  sihcon  in  raw  iron  smelted  wiUi  tlie  hot 
blast,  has  been  ascribed  to  the  easier  reduction  of  silica  at  the  high  tempera- 
taro  thus  produced.  But  by  increasing  the  amount  of  carbonate  of  lime  in 
the  chaise,  so  as  to  obtain  a  slag  in  which  the  proportion  of  b«Ae&  V>  ^a^<i,<^.  V 
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^vas  B«,  Aio,  and  using  a  blast  at  the  highest  attainable  temperature,  the  izoi 
produced  had  much  greater  strength,  and  contained  only  1*8  per  cent  of  sifioon. 
>Mien  tlic  proportion  of  the  bases  and  silica  in  the  alag  was  Bw,  Ai»,  the  inn 
contained  only  an  unappreciablo  trace  of  silicon,  and  the  strength  was  in- 
creased in  tlio  proportion  of  45  to  05.  It  would  appear,  therefi>re,  that  tlie 
inferior  quality  of  iron  smelted  with  the  hot  blast  cannot  be  ascribed  to  flie 
high  temperature,  but  is  o^^'ing  rather  to  the  charge  not  being  suitably^ 
portioned,  and  Uiat  when  there  is  a  sufficient  amount  of  lime  present,  silica  is 
not  reduced.  When  tlie  maximum  amount  of  lime  was  nsed,  the  consunp- 
lion  of  fuel  was  on  the  average  six  per  cent,  greater. 

If  we  may  believe  M.  Berthier,  sihcium  does  not  injure  the  quality  of 
crude  iron ;  but,  on  tlie  contrary,  it  makes  it  more  eligible  tar  all  lands  of 
castings.  The  largest  quantit}'  of  silicium  that  M.  Karsten  could  find  mi 
•S*4(i  per  cent.,  although  one  per  cent  is  in  general  a  considerable  propoitioa. 
Crude  iron  smelted  with  coke  is  in  general  more  siliceous  than  that  melted  | 
witli  charcoal.  Nearly  all  the  steel  made  in  France  contains  siliciuin.  Ths 
following  ore  the  results  of  the  anal3'S€S  made  by  M.  Boussingault,  which 
tend  to  prove  this  fact : — 


Iron. 

Carbon* 

SUicium. 

Hangancw 
&  Copper. 

For  de  Wvo     . 

.     99-82r)     . 

.     .    traces    . 

.     0175     . 

.    traces 

Cement  steel   . 

.     '.)»:i25     . 

.      0-4.')()      . 

.     0*225     . 

.    traces 

Cast  steel    .     . 

.     Ut)-4i2     . 

.     Oa:J:i     . 

.     0-225     . 

traces 

Pure  stvel   .     . 

.     UU-375     , 

.     0-500     . 

.     0125     . 

traces 

It  appears  from  these  results  tliat  in  the  cementation  the  iron,  in  combining 
mth  the  carbon,  absorbs  at  the  same  time  a  great  quantity  of  silicium.  But 
the  presence  of  carbon  is  not  essential ;  for  pure  iron,  when  fused  in  a  claj 
crucible,  absorbs  enough  silicium  to  make  it  less  refractory.  The  iron  under 
this  circumstance  becomes  hard,  brittle,  and  steel  Hke. 

Sometimes  iron,  with  a  very  large  amount  of  silicium,  is  produced  mider 
peculiar  cu-cumstances ;  but  it  cannot  be  regarded  as  cast-iron.  Plattncr  and 
Karsten  examined  a  pig  of  iron  which  was  silver- white,  brittle,  lamellar: 
its  density  was  717;  it  became  yellow  by  exposure  to  tlie  air ;  and  contained 
H-H7  per  cent,  of  silicium,  0-012  of  sulphur,  018  of  aluminum,  189  of  carbon, 
>\itli  traces  of  copi^cr  and  arsenic. 

M.  Boussingault  foimd  in  malleable  iron,  when  melted  in  a  Hessian 
cmcible,  more  than  O-.")!  per  cent,  of  silicium.  Having  analyzed  also  some  of 
Clouet's  steel,  he  foimd  it  composed  of : — 


Iron    . 

Siliciiun 

Ctubon 


90-20 

080  (the  silica  obtained  was  I'Co) 
000 


10000 


I 


This,  tlien,  is  a  siUceous  steel :  the  name  steel  cannot  be  withheld  from  it* 
inasmuch  as  it  possesses  the  characteristic  property,  namely,  tliat  of  hardening 
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rben  tempered.  We  may,  therefore,  assume  ^vith  M.  Bonssingault,  that 
tflicram  is  at  least  as  necessary  for  conycrting  iron  into  steel  as  carbon  is, 
ance  it  does  not  appear  that  it  ever  exists  without  silicium,  and  we  know 
ihat  it  mxv  exist  without  carbon.  But  we  should  not  hence  conclude  that 
eaibon  is  of  no  use  in  steel.  It  is  possible  that  it  may  be  almost  necessary, 
eonsidercd  as  a  means  of  rendering  it  more  easily  worked ;  a  fact  which 
rapports  this  opinion  is,  that  all  the  steels  in  actual  use  are  more  or  less 
eaibonized,  and  that  no  use  has  been  made  of  that  of  M.  Clouet.  But  an 
experienced  artizan  who  has  had  an  opportunity  of  comparing  tlie  two  kinds 
of  steel  can  alone  decide  this  point. 

bon  and  Sodiiun. — Sodium  has  the  same  action  on  iron  as  potassium,  a 
sabject  we  have  treated  in  an  earlier  page. 

boA  and  Tantalum,  ox  Oolnmbinm. — ^It  appears  that  these  two  metals 
can  combine.  According  to  Dr.  Thompson,  if  we  heat  to  a  high  temperature, 
in  a  small  crucible,  a  mixture  of  oxide  of  tantalum  and  iron-filings,  ^e  oxide 
bee(nne8  reduced  to  a  metallic  state,  and  forms  an  alloy  witli  iron.  This 
lOoy  has  the  appearance  of  white  cast-iron,  but  is  without  a  crystalline 
texture.  It  is  sufficiently  hard  to  scratch  gloss.  Nitro-hydrochloric  acid  readily 
dissolTes  the  iron,  and  leaves  the  tantalum  as  a  gray  powder.  According 
to  BerzeUus,  iron  may  be  combined  with  tantalum,  by  heating  tlie  oxides 
mixed  with  charcoal  to  a  very  high  temperature.  According  to  M.  Berthier, 
tiiis  alloy  is  imperfectly  fiiscd,  and  resembles  cast-iron.  Hydrochloric  acid 
also  decomposes  it ;  the  iron  is  dissolved,  and  the  tantalum  sex>aratcs  as  a 
black  powder,  which  probably  contains  charcoal. 

Iron  and  TeUniinm. — The  alloy  of  these  metals  occurs  native :  it  may 
also  be  obtaiued  artificially;  for,  according  to  Berzelius,  tellurium  easily 
mutes  with  metals,  and  forms  with  them  compounds  analogous  to  the  sul- 
phides ;  but  its  alloy  with  iron  has  not,  as  far  as  we  know,  been  yet  ex- 
amined. 

The  telluride  of  iron  is  very  rare :  it  is  found  at  Facebay,  near  Salathna, 
in  Transylvania,  accompanied  by  gold,  &c.,  in  small  veins,  in  on  earth 
composed  of  schist  and  diorite.  It  is  found  in  fine  grains,  or  in  small 
lattened  crystals,  which  present  hexagonal  prisms,  broad  on  one  side,  and 
teiminated  by  annular  facets.  It  is  either  coloured  like  tin  or  gray  steel,  and 
k  soft  and  ii^gile.    Its  specific  gravity  vaiies  from  5*7  to  60.    M.  Klaproth 


finmdinit — 


Iron 00720 

Tellurium 09255 

Gold 00025 


10000 


It  consequently  contains  more  than  five  atoms  of  tellurium  for  one  of  iron. 
Mr.  Sheppard  announces  that  lie  has  found  in  Guildford  County,  in  the 
United  States,  a  piece  of  telluride  of  iron  weiglung  more  than  thirty  pounds, 
and  presenting  cr^'stals  of  a  regular  octahedral  form ;  but  no  analysis  was 
made. 

ntaninnu — ^Titanium  has  very  little  afiinity  for  iron,  and  the 


i 
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two  metals  cannot  combine  except  under  artificud  conditionB.  la  aerenl  ex- 
pcriinents  made  by  Messrs.  Faraday  and  Stodart,  they  endearonzed  to  lednoi 
the  feriic-titaiiate  ^vitli  pulverized  charcoal,  or  titanic  acid  mixed  intii  ina 
and  chnrcoal ;  but  the  fixed  regulus  did  not  present  the  least  trace  of  this  sub- 
stance, not\vithstanding  tlie  extreme  heat  used  by  them.  Lot  some  eaifier 
experiments,  Messrs.  Vauquolin  and  Hecht  had  obtained  an  infaaible  mii 
of  a  clear  gray,  sprinkled  wiili  yellow  metallic  specks,  which  they  regaided 
as  a  combination  of  iron  and  titanium. 

However  tlus  may  be,  tlie  alloy  is  to  be  found  in  nature,  and  the  com- 
pouiuls  of  those  two  metals  constitute  a  multitude  of  <Lifierent  minenls,iB 
wliicli  Uio  titanium  is  in  the  state  of  titanic  add.    The  iron  is  found  also  is 
some  in  tlic  form  of  protoxide ;  but  it  is  found  also  in  others  iu  the  hm  of 
peroxide.      The  titauifcrous  ores  of  iron  exist  in  abundance  in  old  voeb 
and  Yolcimic  rocks.     These  minerals  are  of  a  metallic  black,  approacfaipg 
brown,  when  tlicy  contiiiu  a  great  quantity  of  titanium ;  their  finu^ura  is  of  a 
bright  conclioidal  foim ;   tlicy  are  magnetic,  and  nearly  always  polar  whea 
the}'  contain  as  much  as  half  of  their  weight  of  oxide  of  iron,    ii  this  cms 
they  arc  also  soluble  in  aqua  rogia ;  but  when  they  contain  more  than  a  hsif  i 
of  their  weight  of  titanium,  tliey  arc  ordinarily  without  magnetic  power,  and  > 
unalFccted  l)v  acids.  • 

Before  tlie  blowpii^j,  titanatcs  of  iron  are  infusible  by  themselves;  they  j 
dissolve  in  microcosniic  salt.  In  tlic  reducing  flame,  Uie  glass  is  neady  ' 
colourless  when  hot ;  l>ut  on  cooling,  becomes  of  a  more  or  less  deep  red.  ■ 
When  tin  is  introduced,  the  colour  due  to  the  oxide  of  iron  disappears,  and  : 
there  is  no  other  reaction  than  Uiat  of  tlic  titanium.  In  this  case,  if  tlie  ' 
mctiil  be  in  considerable  quantity,  the  glass  is  of  a  pure  blue  violet;  if  inveiy 
small  quantity,  the  ghis.s  Ls  colourless. 

M.  lierthier,  from  whom  we  borrow  these  details,  adds  tliat  tlie  result  of 
the  principal  analyses  of  titanates  of  iron,  lead  him  to  the  opinion  that  the 
prot«.>xiJe  of  iron  and  titanic  acid  are  foimd  combmcd  in  various  propt>rtions 
in  nature,  and  form,  in  consequence,  several  distinct  mineral  species,  l^tauinm 
is  frcMiuently  found  in  the  north,  and  especiaU}'  in  Norway.  It  makes  iron 
ores  so  hard  to  work,  that  in  tlio  furnaces  at  Arcndal,  which  ore  worked  hy 
charcoal,  and  are  nearly  forty  feet  liigh,  it  has  been  found  sometimes  im- 
possible to  smelt  them  ;  and  those  containing  it  in  large  quantities  are  tliiown 
aside.  Far  from  injuring,  indeed,  tlic  qualitj'  of  the  products,  it  increases 
botli  their  tenacity  and  hardness. 

]M.  IFassenfratz  made  an  experiment  in  which  he  replaced  titanium  irith 
rutile,  which,  according  to  M.  Klaproth,  is  its  oxide.  He  found  that  the 
iron  treated  by  this  substance  could  l)e  easily  forged,  without  being  either 
defective  in  texture  or  brittle  wlien  cold.  Titaniimi  requires  for  reduction 
and  fusion  a  much  higher  temperature  tlian  is  necessary  for  iron.  It  is  for 
this  reason,  says  M.  Karstcn,  that  tlie  oxide  of  titanium  remains  almost 
entirely  in  the  slag,  and  more  especially  since  the  affinity  between  the  tiro 
metals  appears  to  be  verj-  feeble. 

In  lilust-fumaces,  small  cubic  crystals  of  a  beautiful  copper  colour  are  often 
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found.  Dr.  Walchner  of  Fribourg,  in  Brisgau,  has  often  observed  them  in  the 
smelting-fiimaces  of  Baden,  particularly  at  Kaudcm.  M.  Zinken  has  made 
analogous  obsenrations  while  examining  tlie  scoria  of  a  blast-fiimacc  at 
Magdesprung.  These  crystals  have  since  been  found  by  Wohler  to  be  not,  as 
was  /supposed,  metallic  titanium,  but  a  compound  of  cyauido  and  nitride  of 
titanium,  containing  eighteen  per  cent,  of  nitrogen  and  four  per  cent,  of  car- 
bon. M.  Karsten  has  also  found  the  same  class  of  crystals  in  the  scoria  of 
sereral  forges  in  Germany.  He  mentions,  also,  that  M.  Grigon  had  already 
remarked  ^em  in  1 757,  but  they  were  tlien  taken  to  be  iron  pyrites.  M.  Kar- 
sten has  also  observed,  at  times,  little  globules  of  titanium  in  gray  pig  iron, 
a  proof  of  its  small  affinity  for  iron.  He  says,  tliat  in  the  refinery  operations, 
titanium  is,  in  a  great  measure,  separated  from  iron ;  nevertheless,  traces  are 
sometimes  found  in  ductile  iron. 

Although  titanium  is  not  soluble  alone  in  acid,  it  dissolves  when  combined 
with  iron.  It  ought,  therefore,  to  be  looked  for  in  the  fluid  when  making  an 
analyms. 

Iron  ftnd  Tvnssten. — ^Lron  combines  witli  timgsten.  The  Messrs.  D*£l- 
huyart  have  obtained  this  alloy  by  heating  to  the  proper  point,  in  a  crucible, 
a  mixture  of  100  parts  of  iron,  60  parts  of  the  yellow  oxide  of  tungsten,  and  a 
sufficient  quantity  of  charcoal.  After  fusion  and  cooling,  they  found  a  per- 
fect button  of  a  brownish-white  colour,  hard,  rough  to  the  touch,  and  of  an 
even  fracture.  It  represented  137  parts.  M.  Hassenfratz,  in  some  analogous 
experiments,  had  already  obtained  an  alloy  of  tlie  two  metals,  which  forged 
easily  enough,  although  slightly  brittle ;  it  was  ductile,  cracked  in  tlic  temper- 
ing, and  assumed  in  forging  partially  a  fibrous,  partially  a  granular  texture. 
M.  Karsten  concludes  from  these  experiments,  that  tungsten  (in  this  respect 
resembling  titanium)  only  increases  the  hardness  of  iron.  The  alloy  com- 
posed of 

Iron 003        6  at. 

Tungsten 037        1  „ 

is,  according  to  M.  Berthier,  of  a  whiter  gray  than  iron,  sliimng,  hard,  more 
brittle  than  ordinary  cast-iron,  and  of  a  lamellar  structure. 

bon  and  Une. — ^The  possibility  of  uniting  tlie  metals  was,  and  is  still,  a 
subject  of  doubt  and  dispute  among  chemists.  It  is,  indeed,  easy  to  under- 
stand that  two  bodies  would  not  readily  combine,  one  of  which  is  somewhat 
volatile  and  the  other  veiy  refractory ;  yet  does  this  alloy  occur  in  certain  iron 
ores  and  calamines  which  nature  offers  us.  According  to  M.  Hcnkeln,  zinc 
and  iron  form  an  alloy,  hard,  sensible  to  the  magnet,  and  resembling  silver. 
But  he  does  not  indicate  the  proportion  of  the  two  metals,  nor  the  maimer  in 
which  their  combination  is  effected.  Mr.  Cramer  says,  that,  to  efl'cct  tliis,  wo 
must  bring  the  iron  to  a  red  heat  (with  small  cliarcool)  and  up  to  the  point  of 
fosian,  and  then  add  to  it  the  zinc.  But  Mr.  Crells  denies  tlie  fact  of  the  com- 
binatum,  because  the  zinc  must,  according  to  him,  be  volatilized  by  the  high 
temperature  of  the  iron.  M.  Rinmann  is  of  the  same  opinion,  and  has  tried 
to  combine  the  two'metals  by  the  reciprocal  reduction  of  t\\e\T  oix\^e^.   "^xiX,,  \ 
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according  to  Professors  Macqner  and  Leonhardi,  his  ezpeximents  have  not 
conducted  to  any  certain  results.  He  obtained,  no  doubt,  a  kind  of  iron  softer 
and  shorter,  but  with  no  certainty  that  it  contained  zino.  Later  M.  Gmelin 
made  some  unsuccessful  attempts  to  alloy  the  two  metals  by  fusion.  Yet,  so  &r 
back  as  in  174'3,  M.  Malouin  satisfied  himself  that  we  can  make  a  sort  of  tm 
witli  zinc — a  fact  which  proves  the  possibihty  of  a  cpmbination  between  the 
two  metals.  When  a  blade  of  thin  iron  plate  is  plunged  into  a  eolation  of 
sal-ammoniac,  then  into  a  bath  of  melted  zino,  and  withdrawn  rapidly,  a  thin 
but  uniform  coating  of  zinc  is  found  attached.  It  was  considered  that  this 
variety  of  tin  was  not  likely  to  be  applied  to  any  useful  purposes ;  but  under 
the  name  of  galvanized  iron  it  is  now  produced  in  large  quantities,  and  has 
been  put  successfuUy  to  a  great  yariety  of  purposes. 

According  to  the  experiments  of  M.  Hollander,  a  white,  brittle,  metaUie 
mass  is  obtained  by  heating  to  a  red  heat,  for  some  time,  a  mixture  of  poimded 
pig  iron  and  of  zinc  in  a  hermetically  closed  vesseL  Dr.  Ltewis  denies  tbe 
impossibility  of  cfToctiug  this  alloy,  which,  according  to  his  experiments,  is 
hard,  somewhat  malleable,  and  of  an  almost  silvery  white.  1 

M.  Thennrd  holds  that  zinc  cannot  unite  wdth  iron.     M.  Dumas,  on  the  ; 
contrary,  admits  the  combination  :  but  says  it  cannot  be  efifected  but  by  means  | 
of  some  very  nice  precautions.    If  we  heat  the  metals  together,  the  zinc  vola- 
tilizes at  a  white  heat,  and  pure  iron  remains ;  but  at  a  moderate  temperature 
the  alloy  may  be  e fleeted.    According  to  liim,  the  temperature  at  which  zinc 
fuscs^ — a  dull  red  heat — is  Uic  best.    He  adds,  that  zinc  may  bo  casUy  com-  | 
bined  ^vith  a  small  per-contagc  of  iron,  by  melting  it  with  iron-filings.    The  . 
zinc  of  commerce  contains  ordinarily  one  or  two  i)cr  cent,  of  iron.  j 

According  to  M.  Berthier,  who  has  made  many  veiy  interesting  cxperi-  ! 
ments  on  the  alloys  of  zinc,  tlie  affinity  of  tliis  metal  for  iron  is  very  weak,  ■ 
and  it  is  extremely  difficult  to  form  tlie  alloy  directly.  When  iron-wire  is  cut  , 
up  in  small  pieces,  well  mixed  with  granulated  zinc  in  excess,  and  heated  widi 
black  flux,  there  is  but  a  very  small  quantity  of  alloy  deposited  at  the  bottom  | 
of  tlie  crucible ;  most  of  the  zinc  volatilizes,  even  when  the  operation  is  con-  j 
ducted  very  slowly,  and  the  heat  carefully  regulated ;  and  the  iron-wire  p^^  ' 
ser\'es  tliroughout  its  polish  and  lustre.  But  the  alloy  which  is  so  difficult  ' 
to  prepare  in  our  laboratories,  is  to  be  found  but  too  frequently  in  the  fur-  , 
naces  where  zinc  is  smelted.  Wien  it  is  melted  in  cast-iron  pans  to  separate 
the  oxides  and  impuiities  '^^dtll  which  it  is  mechanically  mixed  when  it  issues 
from  the  distilling  tubes,  it  gradually  corrodes  them ;  and  some  time  after 
tliere  is  found  at  the  bottom  of  tlie  pons  an  alloy  which  cannot  be  used  in 
the  arts,  and  which  must  bo  distilled  in  order  to  extract  the  zinc  in  a  pure 
state.  This  alloy  is  formed  of  concentric  mammiform  layers,  with  a  sliining 
crystalHne  texture.  It  is  very  brittle,  very  hard,  and  less  fusible  than  pure 
zinc  ;  it  dissolves  easily  in  weak  nitric  acid,  and  leaves  a  micaceous  metalloid 
residue,  which  proves  it  to  be  black-lead— arising,  no  doubt,  from  the  portion  of 
cast-iron  dissolved  by  the  zmc.  Two  ferric  aUoys,  one  from  the  great  woAs 
at  Liege,  belongmg  to  Messrs.  Mosselman,  the  other  fr-om  the  works  near 
Gisors,  were  analysed  by  M.  Bertliier : — 
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Liege.  Gisors. 

Iron      .     .     .    0-0500     .     .     .    00400 
Black-lead     .    0*00:24    .     .     .    00020 


00524  0*0420 

These  ullojs  remain  attached  to  the  bottom  of  the  pans,  and  do  not  dissolve 
in  the  remains  of  the  zinc  ;  but  as  he  has  never  found  any  alloy  containing 
more  than  0*05  of  iron,  although  the  corrosion  of  the  pans  continues  in- 
definitely, it  is  obvious  that  when  the  alloy  has  arrived  at  a  certain  degree 
of  saturation,  it  transmits  a  portion  of  tlie  iron  which  it  contains,  to  the 
upper  layers  of  zinc,  by  cementation,  and  tliat  the  portion  it  thus  abandons 
is  again  replaced  from  tlie  sides  of  tlie  pans. 

By  gradually  heating  tlie  ferruginous  alloy  produced  in  the  zinc  works, 
together  with  black  flux  in  covered  crucibles,  any  amount  of  zinc  may  be 
separated  by  volatilization,  and  any  required  alloy  of  iron  and  zuic  obtained. 
Bui  a  powerful  white  heat  completely  separates  tlio  two  metals,  without  tlie 
zinc  vapours  carrying  with  them  any  of  tlie  iron,  or  the  iron  retaining  the 
small^  trace  of  zinc.  The  pig-iron  which  is  produced  from  calaminiferous 
ores  has  never  presented,  according  to  M.  Bertliier,  the  least  trace  of  zinc. 

M.  Karsten  has  specially  directed  liis  attention  to  the  action  which  iron 
and  zinc  reciprocally  exercise  on  each  other.  According  to  tliis  learned 
metaUnrgist,  it  is  not  to  be  doubted  that  zinc  combines  with  a  small  quantity 
of  iron ;  we  scarcely  can  fmd  any,  he  says,  which  is  entirely  free  of  this 
latter  metal,  even  when  taken  from  calamine  treated  in  a  distilling  apparatus. 
The  presence  of  the  iron  renders  it  harder  and  more  brittle.  Zinc  melted 
in  a  furnace  at  a  high  temperature  and  slowly  cooled,  absorbs  sometimes 
finom  two  to  three  per  cent,  of  iron  (a  proportion,  it  should  be  remarked, 
which  does  not  agree  to  M.  Berthier's  maximum  of  0*05  of  iron),  which 
renders  it  so  hard  that  it  may  be  pulverized.  Pure  iron  cannot,  according  to 
M.  Karsten,  reduce  the  oxides  of  zinc,  and  by  using  pig-iron  tlie  iron  is  partly 
refined.  The  reduced  zinc  escapes  in  vapours,  and  the  principal  portion  of 
its  oxide  nnites  with  tliat  of  iron,  forming  bluish-black  scorise. 

To  form  an  accurate  opinion  of  the  influence  of  zinc  on  iron,  M.  Kars- 
ten made  some  experiments  on  a  large  scale  at  a  forge  in  Konigshiitte  (Silesia), 
in  a  blast-furnace  fed  with  coke.  He  smelted  thirty-two  hundredweight  of 
calamine,  containing  16  per  cent,  of  zinc  and  ^\  per  cent,  of  iron,  and  which, 
consequently,  were  too  poor  to  be  treated  for  zinc.  M.  Karsten  did  not  add 
to  this  iron  ore  any  flux  or  charge.  The  vapour  from  the  furnace  issued  in 
torrents ;  a  bluish-green  flame  rose  from  twelve  to  fifteen  feet  above  the 
opening ;  the  month  of  the  tuyere  was  constantly  covered  by  a  crust  of  indu- 
rated substance ;  but  by  diminishing  the  charge,  the  heat  was  raised  to  such 
a  degree  that  the  slags  (of  a  deep  blue  colour)  acquired  a  stone  like  fracture. 

inie  iron  issued  from  the  crucible  impetuously,  and  at  first  presented  the 
ag^Sarance  of  the  best  gray  pig-iron ;  but  it  was  very  red,  and  cooled  so 
zapidly  that  it  flowed  with  difficulty  into  the  pig-bed.  On  cooling,  the  upper 
Box&oe  mm  found  covered  by  a  tolerably  thick  crust,  indicating  considerable 
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oxidation.  Its  fracture  was  granular,  brilliant,  and  like  that  of  gray  pig-iroiL 
Token  as  a  whole,  it  was  soft,  capable  of  bearing  the  hunmer,  vitlioat  being, 
however,  very  tenacious.  It  might  easily  be  dirided  into  nnall  fitagmcnts,  a 
proof  of  the  small  tenacity  existing  in  the  granular  atruciure.  In  nnmiiig, 
it  gave  out  neither  flame  nor  odour. 

The  general  working  of  the  fumaea  was  in  no  way  denaged  aft  fint  hf 
the  presence  of  the  zinc ;  but  two  daya  after  the  eoLperiiiMnta  had  beea  coa- 
eluded,  a  large  quantity  of  vapour  was  seen  earaping  fkom  tfaa  moiilh  and 
from  tlie  anterior  crucible ;  and  the  flame,  parliciilaxlyaitbe  ^sm9,fceaented 
the  brilliancy  of  that  of  zinc  in  the  act  of  oombnationL  Veiy  sooti.  and  with- 
out any  cliange  in  the  charge,  the  fiunaoe  became,  to  a  great  ezftani.  oooU; 
the  irou  white  and  rough,  the  slags  black  and  porooa,  and  the  month  of  the 
tuyere  was  covered  with  indurated  subataneea.  Hub  laated  five  dayi,  and 
endangered  the  safefy  of  the  furnace. 

The  iron  obtained  in  these  experimenta  was  refined  in  the  ioKges  at 
Kreutzbourg.  It  fiised  and  preserved  all  ita  eharaetera.  Bed  and  lemaik- 
ably  Uquid  scoria  formed  in  large  quantitiea ;  the  flame  which  loae  fnm 
the  mass  vbs  white,  brilliant,  and  occasionally  of  a  bluish  or  yellowish  Ofdonr. 
After  fusion  had  been  effected,  pains  were  taken  to  allow  the  scoiia  to  congeal 
over  the  liquid  metal.  Small  jets  of  bluish-yellow  flame  were  then  seen  to 
traverse  the  surface  with  a  slight  murmuring  noise.  The  conversion  of  the 
crude  iron  into  malleable  iron  was  so  rapid,  that  the  maaa  could  only  be 
turned  once.  A  very  small  quantity  of  soft  scoria  was  found,  and  the  iron  con- 
tained in  the  crucible  was  so  dry  that  it  was  necessary  to  throw  into  it  a 
large  mass  of  slag,  a  circumstance  quite  difiercnt  to  the  manner  in  whidi 
coke-smelted  cast-iron  is  found  to  act  in  the  refinery. 

The  refining  operation  perfectly  succeeded.  The  iron  was  soft ;  it  might 
have  been  cut  with  a  hammer  if  the  iron  liad  not  been  at  the  aame  time  of 
extreme  tenacity ;  and  finally,  it  was  neither  hot-short  nor  brittle  when  cold. 
A  very  small  trace  of  zinc  was  found  at  the  bottom ;  but  the  ductile  iron 
contained  none. 

Tlie  preceding  observations  suffice  to  dissipate  all  apprehenaions  ahont 
any  injury  arising  from  the  presence  of  zinc  in  ores.  But  that  there  might 
bo  no  doubt  left,  M.  Karsten  made  some  refinery  experimenta  by  adding  to 
native  iron  a  certain  quantity  of  zinc,  either  in  the  metallic  atate  or  as  aa 
oxide.  The  iron  thus  obtained  was  of  an  excellent  quality,  but  on  analysis 
no  trace  of  zinc  could  be  found.  M.  Rinmann  also  is  of  the  opinion  that  zino 
ought  to  excite  no  apprehensions  in  ironmasters. 

M.  Hasscnfratz,  in  his  experiments,  obtained  results  somewhat  difierent 
The  iron  was  readily  forged,  but  it  was  somewhat  red-short  and  brittle  when 
cold.  However  this  may  be,  M.  Karsten  was  not  led  by  his  experiments  to 
attribute  to  zinc  any  iigurious  action  upon  iron.  The  disturbance  of  the 
furnace  appeared  to  him  only  tlie  efiect  of  the  extensive  evaporation,  and  of 
the  cooling  which  that  must  necessarily  produce. 

Iron  and  Alrnnlnnm. — Iron  combines  with  aluminum,  and,  according 
to  M.  Karsten,  more  intimately  than  with  sihcium.    Messrs.  Faraday  and 
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Stodart  obtained  an  aUoy  of  iron  containing  0064  of  aluminum  and  some 
carbon,  by  keeping  under  fusion  during  a  very  considerable  time  a  mixture 
of  highly  carbnretted  steel  with  alumina.  This  alloy  was  white,  very  brittle. 
Tilth  a  granular  texture.  Alumina  seems  to  be  more  injurious  to  the  quaUty 
of  iroa  than  siUcium.  The  experiments  made  by  M.  Karsten  in  reference 
to  the  reiinexy  operations  in  Upper  Silesia,  showed  that  the  addition  of  clay 
produced  iron  of  a  more  than  ordinarily  brittle  quality. 

The  mischievous  influence  attributed  by  M.  Karsten  to  aluminum  does 
not  appear,  however,  to  be  corroborated  by  the  experiments  of  Messrs.  Fara- 
day and  Stodart,  who  concluded  that  aluminum  in  small  quantities  does  not 
impair  the  quality  of  iron,  and  that  it  appears  considerably  to  improve  that 
of  steeL  This  stetement  induced  M.  Karsten  to  repeat  his  experiments  :  he 
added  day  to  cast  iron  during  the  refinery,  and  repeated  his  experiment  on  a 
larger  scale  three  times.  Tlie  large  quantity  of  silicate  of  iron  formed  on  the 
hearth  in  consequence  of  this  addition,  delayed  the  operation;  but  the  quahty 
ci  the  product  did  not  appear  to  be  sensibly  altered. 

The  analysis  of  the  iron  thus  produced  showed  no  trace  of  aluminum  in 
the  metaL  The  other  samples  of  ^Toughiiron,  steel,  or  cast-iron  analyzed 
by  M.  Karsten,  presented  traces  of  aluminum  so  slight  as  not  to  admit  of  being 
estimated ;  but  the  largest  amount  was  always  found  in  iron  wliich  n'as  brittle 
when  eold.  M.  Karsten  hence  maintains  his  opinion  that  aluminum  does 
exerciae  an  iigurious  influence  on  the  tenacity  of  iron.  Messrs.  Stodart 
and  Faraday  insist,  on  the  other  hand,  that  steel  and  forged  iron  do  not  act 
in  the  same  manner  in  their  combinations  with  other  metals.  This  must  be 
admitted  to  be  true ;  and  it  may  happen  that  a  small  proportion  of  aluminum, 
which  may  be  too  trifling  to  afiect  the  quaUty  of  steel,  may  deteriorate  that 
of  iroiL 

The  forges  of  Alt-inter-l'Ind,  near  Fichtelberg  in  Bavaria,  are  accustomed 
to  refine  the  cast-iron  made  in  the  blast-furnace  of  Konigshtitte,  near  Arzberg, 
on  the  firontiers  of  Bohemia.  This  iron  is  partially  gray  and  partially  speckle- 
coloured.  It  is  obtained  by  treating  a  mixture  of  micaceous  oligistic  iron  and 
brown  hematite.  In  smelting  these  ores,  clay  is  used  as  a  flux ;  which  fact, 
according  to  M.  Huber,  renders  it  probable  that  the  cast-iron  of  Konigs- 
hntte  contains  both  aluminum  and  silicium,  a  conjunction  which  he  thinks 
aids  the  refinery  operation.  This  cast-iron  has  always  yielded  ductile  iron, 
peenliariy  fit  for  the  fiibrication  of  slieet-iron. 

But  it  remains  to  be  seen  if  a  careful  analysis  of  the  iron  would  reveal 
more  aluminimi  than  M.  Karsten  found  in  tlie  specimens  examined  by  him. 
Dr.  Schafhautel  and  M.  Bohm  of  Munich,  have  introduced  clay  into  a  com- 
position which  they  propose  for  the  purpose  of  improving  and  softening 
cast-iron  in  the  refinery  operation.  In  a  patent  which  the  former  gentle- 
man took  out  in  London  (May  13, 1835)  for  his  method,  he  describes  it  as 
foUowB : — ^To  produce  malleable  iron,  we  take  1}  lb.  (857  grammes)  of  black 
oxide  of  manganese,  8}  lbs.  (1  k.  836)  of  muriate  of  soda,  and  10  oz.  (300 
grammes)  of  potter's  clay.  These  substances  should  be  of  a  pure  quality, 
perfectly  dry,  and  tree  from  all  heterogeneous  intermixture ;  they  are  reduced 
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into  a  line  powdor,  and  well  mixed.  In  a  puddling  innuiGa,  800  lbs.  of  iron 
in  small  pigs  is  treated  vritli  the  cnstomaiy  quantity  of  dag.  "When  the 
mass  is  in  fusion,  the  register  of  the  chimney  is  lowered,  until  the  flame, in iti 
passage  over  the  hearth,  is  both  clear  and  Izanaparent,  so  that  the  metal  mi;' 
be  seen  during  the  whole  of  the  operation.  If  the  flame  takes  a  dull  yeDov 
colour,  tlie  orifice  in  tlio  door  of  the  hearth  should  be  opened  in  order  to 
increase  the  draught.  Three  or  four  minutes  after  tlie  mass  is  in  pediBct 
fusion,  which  T\-ill  depend  on  the  greater  or  less  drau^t  of  the  fbniMe, 
the  metal  assumes  a  pasty  consistence ;  and  the  mixture  aborcmentiaiiri, 
which  ought  to  have  been  kept  hot  and  dry  near  the  furnace,  is  then  addei 
It  is  to  1)0  divided  into  twelve  parts,  each  weighing  half  a  pound,  and  intro- 
duced into  the  furnace  at  intervals  of  a  minute  or  two  by  means  of  a  small 
cylindrical  shovel,  holding  about  half  a  pound.  As  soon  as  the  first  portkn 
is  tlirown  upon  tlic  metal,  it  must  be  incorporated  ivith  it  as  soon  as  poHibk 
by  the  help  of  a  large  i>okor ;  the  mass  then  becomes  more  liquid,  and  pale 
yellow  flames  proceed  from  its  surface :  two  minutes  later  the  next  portion  is 
tlirown  in,  and  so  on  with  the  rest  After  the  third  or  fourth  additifln,the 
mass  bubbles  up  in  consequence  of  tlie  disengagement  of  the  gas.  As  this 
is  the  instant  when  the  iron  is  separated  from  its  impurities,  extreme  care 
must  be  exercised.  The  surest  means  of  determining  the  time  for  the  intro- 
duction of  these  Biibstanccs  is  by  observing  if  the  height  of  the  flame  di- 
minishes ;  for  tliis  dccrcnso  announces  tliat  the  effect  of  the  preceding  portion 
is  exhausted,  and  that  another  should  be  added.  In  every  case,  carenmst 
be  taken  that  the  mass  does  not  become  too  consistent,  which  is  prevented 
by  adding  more  of  the  powder ;  but  the  character  which  most  certainly  indi- 
cates tliat  tlic  operation  is  accomplished,  is  the  blue  colour  of  the  flame. 
To  obtain  hard  iron  fit  for  steel,  three  or  four  shovelfuls  of  the  splintas 
and  waste  iron  loft  by  the  flattening  machines,  and  three  shovelfuls  of  slag, 
are  used ;  but  in  tliis  case  only  half  the  manganese  before  recommended  is 
nccessarv. 

M.  Eh'e  do  Beaumont  saw  this  process  in  use  in  several  establish- 
ments in  Germany.  By  some  it  is  very  highly  spoken  of;  by  others  the 
results  were  said  to  have  been  far  from  satisfactory.  It  has  also  been  tried 
in  some  French  forges,  but  with  no  decisive  result.  According  to  Dr. 
Thompson,  a  globule  of  iron,  melted  by  galvanism  in  contact  with  moistened 
alumina,  forms  an  alloy  witli  aluminum.  The  alloy  eficrvesces  slightly  under 
water,  becoming  covered  with  a  white  powder. 

Iron  and  Antin&onj. — Tlie  union  of  iron  and  antimony  is  readily  effected 
by  fusion,  and  it  would  seem  that  it  may  take  place  in  all  proportions.  These 
two  metals  have  a  great  affinity  for  each  other.  Tlieir  alloys  are  much  more 
fusible  than  iron,  and  are  white,  hard,  and  very  brittle.  Their  8X)ecific  gravity 
is  less  than  the  mean  of  that  of  the  two  metals.  According  to  Dr.  Ihomp- 
son,  this  alloy  may  be  obtained  by  fiising  in  a  crucible  two  parts  of  sulphoret 
of  antimony  and  one  of  iron.  This  alloy  was  formerly  called  regvJvs  mar 
tittlh.  It  is'still  used  in  medicine  for  tlie  preparation  called  *'  Mars'  saffiron/' 
the  **  aperient  antimony"  of  Stalil. 
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The  magnetic  character  of  iron  is  much  more  diminished  hy  its  alloy 
Tvith  antimony  than  almost  any  of  the  other  metals.  The  iron  is  also  ren- 
dered more  hard,  much  more  fusihlc,  and  hrittle  like  cast-iron.  Antimony,  in 
Tin i ting  with  iron,  becomes  harder  and  less  fusible.  M.  Karstcn  made  some 
experiments  on  this  subject  in  the  Kreutzbourg  forges  in  Upper  Silesia.  He 
added  to  the  cast-iron,  after  its  liquefaction,  one  per  cent,  of  antimony. 
Notwithstanding  its  volatility,  tliis  metal  exercised  on  iron  a  worse  influence 
than  even  tin.  The  iron  became  very  brittle  at  all  temperatures.  These 
results  agree  with  those  of  M.  Hassenfratz.  In  analyzing  this  iron,  twenty- 
three  per  cent,  of  antimony  was  found. 

M.  Karsteu  received  from  another  Siksian  establishment,  specimens  of 
iron  very  brittle  when  cold,  which  quahty  was  attributed  to  the  presence  of 
ajitimony.  By  analysis,  he  did  not  obtaiu  more  Uian  01 14  of  antimony, 
together  with  a  trace  of  sulphm*,  and  0  38  per  cent,  of  phosphorus.  The 
brittleness  of  the  iron,  in  his  opinion,  was  attributable  solely  to  this  small 
qxiantity  of  antimony. 

By  heating  antimony  in  excess  witli  iron  at  a  high  temperature,  a  fusible 
alloy  is  formed,,  containing,  according  to  M.  Dumas,  one  atom  of  antimony 
and  one  of  iron,  or  seventy  parts  of  antimony  and  tliirty  of  iron.  This 
alloy  is  very  hard,  white,  and  feebly  magnetic.  WTien  the  quantity  of  iron 
is  increased,  the  alloy  becomes  still  harder,  presenting  also  the  singular  cha- 
racter of  giving  out  sparks  when  briskly  filed.  Keaumur,  who  was  the  first 
to  discover  tliis  remarkable  fact,  produced  his  alloy  with  two  parts  of  iron  and 
one  of  antimony.  According  to  M.  Bertliier,  the  antimonide  containing  0*705 
of  antimony,  or  one  atom  of  antimony,  for  one  atom  of  iron,  cannot  be  decom- 
posed by  the  most  intense  heat ;  but  the  antimonides  which  contain  a  larger 
pcoportion  of  antimony,  are  reduced  by  a  high  temperature  to  one  atom  of 
antiBiony  for  one  atom  of  iron. 

M.  Her\'c  made  some  experiments  in  1827  widi  regard  to  tlie  union  of 
iron  and  antimony,  of  which  Uie  following  is  an  abstract: — To  try  if  antimony 
possessed  the  quality  of  effecting,  like  tin,  the  fusion  of  wrought-iron,  he 
exposed  it,  with  about  twenty  per  cent,  of  autimou3%  to  a  liigh  temperature  in 
a  covered  crucible.  But  the  iron  was  not  incited,  although  it  certtiinly  would 
have  been  melted  with  tlie  same  qiumtity  of  tin  under  tlie  some  circum- 
stances. It  would  seem,  however,  that  a  certain  portion  of  the  antimon}' 
must  have  united  with  tlie  iron,  for  on  taking  the  metal  out  of  the  crucible, 
it  gave  off  white  vapours,  arising  from  the  volatilization  of  antimony.  The 
malleability  of  the  iron  did  not  appear  to  suffer  much  from  this  operation. 
He  then  made  three  attempts  to  alloy,  by  fusion,  cast-iron  with  antimony  in 
the  following  proportions : — 

100  parts  of  cast  iron  and  1  part  of  antimony 

100  „         „  and  2         „ 

100  „         „  and  3        „        „ 

The  antimony  was  not  added  to  the  uron  until  after  the  latter  was  already 
in  a  state  of  fusion  in  the  cmcible.    They  were  melted  in  BepttnJ^  V)«x%. 
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1st  Bar. — Fracture  uneren,  striated,  lamellar;  u  eonflned,  divergeat 
(nyntallizntion ;  grayish-white ;  tolerably  brif^t.  Under  the  file,  atodrgnr 
and  bright ;  under  the  grinding-stone,  ixtm-grmy  and  bri^t. 

2nd  Bar. — ^Fractnre  uneven,  striated,  lamellar;  a  eonftued,  difctgoit 
ciystallization ;  grayish-white,  bnt  of  little  Instre.  Under  the  file.,  gn^iib- 
whitc,  and  not  bright ;  under  the  gxinding-stone,  iron-graj  and  ahimng.  Ibis 
bar  was  very  hard  and  brittle ;  when  allowed  to  fidl  on  some  stone  steps, 
it  broke  in  two,  although  it  measoxed  17  square  millimetres  (about  nx 
inches). 

3rd  Bar. — Fracture  unevon,  lamellar ;  confbsed,  dlvengent  dystaDiiatioii: 
grayish-wliitc.  Under  the  file,  grayish-white,  brilliant ;  nnder  the  grinding- 
stono,  a  little  darker  than  under  the  file,  brilliant,  lliis  bar,  whieh  bad  fiw 
same  dimensions  as  the  preceding  one,  broke  also  on  felling  from  a  bright  rf 
three  feet  on  stone  stcpsJ 

It  seems  to  result  from  these  operations,  that  antimonj  is  not  enliidj' 
volatilized  when  projected  into  cast-iron  in  a  state  of  ftunon ;  but  that  a  par 
tion  remains  combined  witli  the  iron  in  consequence  of  its  affinity  for  this 
metal,  and  also  that  antimony  exercises  a  vciy  considerable  influence  on  tiie 
crystallization  of  iron  during  the  process  of  cooling.  We  see,  in  fact,  that 
the  proportion  of  one  part  of  antimony  to  a  hundred  parts  of  iron,  is  sofi- 
cicnt  to  alter  the  fracture  of  cast-iron ;  and  that  it  remains  the  same  untfl  the 
antimony  reaches  five  per  cent.,  and  then  the  fracture  resembles  that  of  zinc. 

Iron  and  SIlTex. — Tliere  does  not  seem  to  be  any  question  that  these 
mctaLs  combine  ;  but  the  observations  of  chemits  vrith  regard  to  their  iHoj.  ' 
are  not  altogether  concordant.    M.  Bertliier  and  ^I.  Tlienard  consider  that 
the  alloy  cannot  be  produced ;  but  tliat  iron  heated  with  silver  retains  a  . 
certain  quantity  of  this  metal.    M.  Berzelius  states  that  these  metals  com-  j 
bine  readily  when  melted  together,  and  that  they  cannot  be  separated  by 
cupellation  with  lead,  but  only  by  means  of  acids  or  by  fusion  with  borax  or 
nitre. 

Wallerius  states  that  iron  combines  with  silver  by  fusion,  and  that  the 
alloy,  consisting  of  equal  parts  of  iron  and  silver,  has  the  colour  of  silver, 
considerable  ductiHty,  greater  hardness  and  less  elasticity  than  silver.  This 
alloy  is  attracted  by  the  magnet. 

Hinmann  states  that  silver  may  be  combined  with  one-fifth  of  iron,  with- 
out losing  its  tenacity  and  mallcabiUty,  but  becoming  much  harder.  This 
alloy  is  stated  to  be  applicable  to  the  manufacture  of  buckles,  firoit 
knives,  &c.    Macquer  and  Leonhardi  obtained  a  similar  alloy. 

Coulomb  states  tliat  silver  cannot  retain  more  than  1-lOOths  of  ixan; 
and  Guyton  Morveau  states  that  iron  cannot  retain  more  tlian  one- 
eightieth  of  silver,  which  is  said  to  communicate  to  it  remarkable  hardness, 
and  a  very  fine  texture. 

Karsten  found  that  by  the  addition  of  fifteen  per  cent,  of  fine  silver  to  iron 
during  the  refinery  operation,  the  quality  of  the  iron  was  sensibly  deteriorated : 
it  did  not  forge  weD,  became  scaly,  the  bars  presented  cracks  at  the  edges, 
and  otherwise  resembled  hot-short  iron.    Analyses  showed  that  it  contained 
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0*034  per  cent  of  silTer.    It  would  appear,  therefore,  tliat  silver  has  the  same 
influence  as  sulphur  upon  iron,  although  in  a  less  marked  degree. 

Zioa  and  Aiaanio. — ^These  metals  may  be  combined  by  fusion  in  any 
proportion.  When  the  amount  of  arsenic  is  large,  the  magnetic  character  of 
the  iron  disappears.  The  aUoy  of  these  metals  is  more  or  less  white,  hard, 
brittle,  and  fosible,  according  to  the  amount  of  arsenic.  It  is  cr}'stallizable, 
its  firacture  more  dense,  and  the  texture  closer  than  that  of  iron  :  according 
to  Aehard,  similar  to  that  of  steel. 

M.  Cadet  asserts  that  this  alloy  will  receive  a  brilliant  polish,  and  that 
articles  of  jewellery  are  made  from  it.  Berzelius  says  tliat  100  parts  of  iron- 
filings  heated  to  redness,  in  a  matrass  with  200  parts  of  arsenic,  retain  f 
186  of  arsenic  without  molting.  M.  Thenard  says  that  an  alloy  formed  of 
1  part  of  arsenic  and  2  parts  of  iron,  is  of  a  grayish-wliite  colour,  without  any 
action  on  the  magnetic  needle ;  very  brittle ;  considerably  more  fusible  tlian 
iron ;  it  absorbs  oxygen  gas  from  the  air  by  the  aid  of  heat,  and  becomes 
converted  into  volatile  oxide  of  arsenic  and  fixed  oxide  of  iron. 

This  alloy  is  obtained  by  heating  iron- filings  with  a  little  more  than  half 
its  weight  of  powdered  arsenic  in  a  covered  crucible.  According  to  M. 
BerUuer,  a  true  arsenide  cannot  be  obtained  by  simply  heating  iron  with 
arsenio ;  the  greater  part  of  the  arsenic  volatilizes  before  the  combination  can 
take  place.  No  better  result  is  obtained  with  a  mixture  of  arsenious  acid  and 
charcoal ;  but  by  gradually  heating  to  whiteness  100  parts  of  powdered 
smithy  scales,  50  of  arsenious  acid,  50  of  carbonate  of  soda,  and  20  of  starch, 
the  arsenide  is  obtained ;  and  when  melted  a  second  time  with  arsenious  acid, 
carbonate  of  soda,  and  starch,  absorbs  25  of  arsenic.  Finally,  by  heating  the 
arsenide  a  third  time  with  the  same  mixture,  it  still  absorbs  15  of  arsenic ;  it 
is  then  Batnrated,  and  it  contains  a  little  more  than  one  atom  of  arsenic  to 
two  of  iron.  This  arsenide  is  slightly  vesicular,  granular,  and  easily 
pulverized. 

According  to  M.  Berthier,  the  arsenide  of  iron  saturated  with  arsenic  is 
eomposed  of — 

Iron     ....    0-59    ....    100 
Arsenic    .    .    .    041    ....      0»-30 

It  is  of  an  iron-gray  colour;  very  brittle,  with  a  lamellar  fracture,  presenting 
lirge  and  rery  shining  scales ;  it  is  not  magnetic,  and  is  very  fusible.  When 
roasted  it  becomes  converted  into  a  sub-arseuiate  of  peroxide  of  iron,  and 
disengages  arsenious  acid.  It  is  not  acted  upon  by  sulphuric  or  muriatic 
adds ;  is  easily  dissolved  by  nitric  acid,  and  nitro-hydrochloric  acid,  which 
converts  it  into  arsenate  of  peroxide. 

According  to  tlie  experiments  of  Bergmann,  small  quantities  of  arsenic  do 
not  render  iron  either  hot-short  or  cold-short.  Berzelius,  however,  is  not  of 
this  opinion :  he  thinks  a  very  small  quantity  will  make  iron  brittle  when 
eold.  M.  Berthier  states,  also,  that  a  very  small  quantity  of  arsenic  suffices 
to  aiSect  the  malleability  of  iron,  and  renders  it  brittle  when  cold.  According 
to  the  experiments  of  M.  Hassenfratz,  tliis  alloy  may  be  forced  Qxtt«ni&V<3   \^ 


well,  but  it  cannot  be  welded :  it  gave  ooft  an  odour  of  gazlio  while  being 
hammered,  and  appeared  generally  rather  hofc^hort  than  cold-ahoit. 

( In  tlie  experiments  of  M.  Karsten,  it  was  found  that  a  little  anenie,  added 
to  iron  during  the  refinery,  retards  the  operation  to  aaeh  a  degree,  that  it 
I  occupies  two  or  tliree  times  as  long  to  effect  it  A  great  qnanlitjof  coinMin 
scoria,  with  a  strong  affinity  to  the  iron,  is  produced,  which  occasions  a  con- 
siderable loss ;  so  considerable,  indeed,  that  were  the  experiments  conthmad 
witli  larger  proportions  of  arsenic,  they  ^would  cause  the  oxidation  <£  tht 
whole  mass. 

The  iron  was  considerably  harder,  presented  a  steel-lihe  charaoter  vfaes 
forged,  wiis  without  crack  or  flaw,  and  not  hotahort,  but  its  stzengCh  wis 
diminislicd.  Analysis  did  not  indicate  a  trace  of  arsenic  M.  Kaxsten  addii 
tliut  the  iron  is  dissolved  very  slowly  by  acids ;  a  &ct  which,  in  his  opinion, 
indicates  a  change  in  tlio  quality  of  the  iron. 

M.  Lampadius  observes  tliat  at  the  forges  at  Breitenhof,  in  Saxony,! 
very  rich  red  oxide  ore  was  found  to  }ield  iron  so  ho^short,  that  it  could  not 
be  worked ;  and  the  pig-iron  was  found  to  contain  3*5  per  cent,  of  arNnic. 
Woliler  found  arsenic  in  four  specimens  of  pig-iron  from  different  furnaces; 
and  Schaf htlutel  states,  lliat  even  the  best  Swedish  bar-iron  contains  aisemc, 
tlie  Low  Moor  iron  sUU  more.  It  is  said,  that  in  forging  English  cast-steel 
tlie  odour  of  arsenic  is  frequently  recognizable.  Opinion  is  much  dinded  as 
to  tlie  inilucuco  of  arsenic  upon  the  quality  of  cost-iron ;  generally  it  is  said 
to  render  it  more  brittle  aud  fusible. 

When  Algiers  became  a  French  colony,  there  was  found  among  the  ma- 
terials contained  in  tlie  ai-scnals  of  Casauba  a  quantity  of  bombs  and  caniMm* 
balls  that  could  not  be  employed  as  they  tlien  stood  ;  they  were,  therefore, 
imported  into  Fmnce,  to  be  melted  and  cast  into  projectiles  of  other  cahbie; 
but  it  was  soon  discovered  tliat  notliing  could  be  done  with  them,  the  quality 
of  the  iron  being  so  bad.  ^I.  Lertliier  was  commissioned  to  examine  sepa- 
rately the  bombs  and  balls  to  ascertain  tlieir  nature.  The  iron  of  the  bombs 
was  grayish  white,  very  brittle,  and  was  easily  reduced  to  a  line  powder.  It* 
specilic  gravity  was  found  to  be  7-5H5.  The  iron  of  the  balls  was  still  mow 
brittle  than  that  of  the  bombs ;  witli  a  little  care  it  was  easy  to  break  them 
across,  and  thou  it  was  obscn-cd  tliat  tliey  presented  a  fracture  with  rajs 
springing  from  the  centre  and  ending  at  the  circumference.  These  balls  were 
craggy  and  pitted  at  the  surface,  and  nearly  always  cavernous.  The  density 
of  one  fragment  was  fomid  to  be  7G5. 

Tliis  cast-iron,  according  to  an  analysis  by  M.  Berthier,  contained  the  fol 
lowing  proportions  of  ai-senic  and  carbon : — 


Bombs. 

Balls. 

Arsenic 

.     .     00»8     .     . 

.     0-270 

Carbon 

.     .     0015     .     . 

.     0010 

0113  0-280 

It  contauied  neither  sulphur,  manganese,  copper,  nor  silicium. 


IBON,  ABSSMIO,  AND   PLUMBAGO.  297 

i  Bedfoxd  County,  Pennsylvania,  arsenietted  uative  iron  is  found  com- 

Iron    ....     0-9744^ 
Arsenic    .    .     .    00 100  -OOOiO 
Plumbago     .    .    00040. 

containing  neither  sulphur  nor  nickeL 

his  mineral  is  crystalline  and  composed  of  small  rhomboidal  prisms ;  its 
r  is  between  silverwhite  and  steel-gray.  It  cannot  easily  be  broken, 
nay  be  flattened  like  wrought-iron ;  the  fracture  is  craggy ;  the  metal  is 
xd  as  steel ;  its  specific  gravity  is  7*337 ;  it  is  very  maguetic  and  polar, 
he  arsenide  of  iron  is  found  veiy  frequently  at  Heicheustein,  in  Silesia, 
ierpentLue  rock,  and  is  worked  for  the  arsenic.  The  crystals  are  of  the 
latic  system.  Klaproth  discovered  in  it  0  38  of  iron  and  0  62  of  arsenic ; 
le  results  obtained  by  two  other  chemists  are  as  foUow : — 


H.  Karsten. 

M.  Hoffinan. 

Iron      .    . 

.     .     0-824    . 

.     .     0-2H1 

Arsenic 

.     .     0059     . 

.     .     0060 

Sulphur    . 

.     .     0017    . 

.     .     0020 

Gangue 

.     .     0000     . 

.     .     0022 

1000  0-983 

L  Karsten  says  that  it  contains  magnetic  pyrites,  which  can  be  separated 
eans  of  the  magnet.  In  this  case  the  mineral  would  consist  of  2  atoms 
n  and  3  atoms  of  arsenic ;  but  M.  Hofiman  concludes  from  his  analysis 
the  ore  of  Beichenstein  is  arsenide  FeAs^,  mixed  with  0*0526  of  common 

BS. 

nother  natural  combination  of  iron  and  arsenic  is  **  mispickel,'*  or  the 
do-sulphuret  of  iron.  This  ore  is  of  a  grayish-white  colour,  metallic,  with 
mular  fracture.  Its  primitive  form  is  a  right  rhomboidal  prism ;  its 
fie  gravity  5*6.  When  heated  alone  in  a  closed  tube  by  the  blowpipe, 
Ided  at  first  a  red  sulphide  of  arsenic,  then  a  black  subhmate,  and  finally 
Uic  arsenic.  The  residue  appeared  to  be  maguetic  pyrites.  Heated  on 
ioal  by  the  blowpipe-flame  it  gives  off  a  thick  vapour  of  arsenic,  and 
( into  a  globule  presenting  the  appearance  of  magnetic  pyrites.  It  is  not 
Lved  by  muriatic  acid.    It  contains,  according  to  M.  Berthier : — 

Iron      ....    0*335 
Ai-senic      .     .    .     0*465    I'OOO 
Sulphur     .    .    .    0-200. 

Its  foimula  is  FeAs'  +  FeS'. 

(om  a&d  Binautli. — ^These  two  metals  appear  to  combine,  but  chemists 

f  no  means  agreed  on  this  point.    Berzelius  and  Thenard  say  that  bis- 

combines  with  difficulty  with  iron ;  and  that  a  small  portion  of  iron 
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suffices  to  render  bismuth  magnelio.  Bnnd,  HenkeL  mad  G«IIat  neoid 
haying  obtained  a  compound  of  frran  two  to  thvee  parte  of  Ipmuith  irifli  one 
part  of  iron ;  but  Baume  denies  that  this  can  he  done.  Rjnmini  did  not 
succeed  in  producing  this  compound.  The  binmitfa  and  the  iroii  that  be 
melted  together,  appeared  at  first  entirely  mixed,  hat  separated  ImmedistdT 
afterwards.  M.  Karsten  endeavoured  to  ascertain  the  inflnenee  of  faiiiinitb 
upon  iron.  With  this  object  he  made  several  refineiy  experiimarfa.  In  idndi 
he  added  one  per  cent,  of  bismuth.  It  was  neeessaiy  to  stir  tibe  mast  oAeav 
than  usual ;  but  the  iron  produced  was  verj  good,  and  the  ban  had  theioad 
strength.  Therefore  the  bismuth  did  not  produce  any  imfiKnmraUe  eiset 
except  that  of  retarding  the  refineiy.  This  iron  contained  0-081  per  eat  of 
bismuth.  According  to  similar  experimenta  made  hy  Haasenfrmtx,  inm  ogb- 
taining  bismuth  is  easily  forged.  Tet,  after  the  proeeea  of  tempering,  it 
was  found  to  be  hot-short  and  vexy  brittle  when  cold.  Cadet  staAea  that  flie 
density  of  this  alloy  is  less  than  the  mean  of  the  two  metala. 

Iron  and  Oalolnm. — These  metals  combine,  but,  as  it  would  appear,  not 
directly,  for  Berzelius  was  unable  to  produce  a  well-defined  alloy  by  fiisiiigi 
mixture  of  chalk,  pulverized  carbon,  and  iron-filings. 

Mr.  Mushet  made  a  great  many  experiments  on  these  two  bocUes  mcUed 
together  in  a  crucible.  The  regulus  was  always  brittle  and  hot-shoit,  bat  it 
was  not  ascertained  that  the  iron  contained  calcium.  M.  Karsten  has  often 
found  calcium  in  cast-iron,  but  never  in  wrought-iron.  He  states  that  eil- 
cium  behaves,  with  regard  to  iron,  veiy  much  like  the  alkaline  metals ;  and 
that,  like  them,  it  does  not  possess  sufficient  fixity  to  enter  into  combination 
with  iron.  Iron  decomposes  chalk  at  a  high  temperature,  althoa|^  the 
metals  by  no  means  evince  any  great  affinity  for  one  another. 

Raw  cast  iron  fused  with  unslaked  lime  is  deprived  of  its  carbon.  Some 
refinery  experiments  made  with  the  additions  of  pure  Carrara  marble,  hive 
proved  that  the  tenacity  of  the  wrought-iron  had  been  increased;  batBL 
Karsten's  analysis  showed  that  the  iron  did  not  contain  any  trace  of  calciaB, 
and  that  the  action  of  tlie  marble  had  been  limited  to  the  diminution  of  the 
quantity  of  phosphorus  contained  in  the  metal. 

Other  experiments  of  a  similar  character,  in  which  a  considerable  qotat 
tity  of  carbonate  of  lime  was  added  successively  during  the  eontinuanee  of 
the  experiment,  proved  that  the  iron  had  lost  a  portion  of  its  tenacity,  and  had 
become  less  easy  to  weld.  Nevertheless,  this  iron  was  neither  hotshort  nor 
brittle  when  cold,  but  it  was  traversed  by  longitudinal  cracks.  AnaljBi 
showed  01 774  per  cent,  of  calcium. 

There  is  a  kind  of  cast-iron  obtained  from  ores  requiring  a  large  addition  ; 
of  lime,  in  which  we  find  sonic  traces  of  calcium.    This  earthy  metal,  how- 
ever, does  not  combine  with  iron,  according  to  M.  Karsten,  except  under  veiy 
rare  circumstances. 

Iron  and  Ohromima. — Chromium  has  a  very  great  affinity  for  iron,  and 
the  two  metals  form  alloys  in  all  proportions.  Chromium  is  freqoentlf  net 
with  in  iron  made  from  chromiferous  ores,  but  it  can  be  eaafly  eepaiatsd  lor 
the  most  part  in  the  refinery.    Thus  the  presence  of  iron  greatly  fiuiliiatea 
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le  rednotioii  of  the  oxide  of  chromium.  Berthier  states  that  the  combinations 
hich  th^e  metals  form  together,  have  more  analogy  with  the  sulphides,  or 
le  phosphides,  &c.,  than  with  the  alloys.  He  found  tliat  by  applying  a 
trong  heat  to  a  mixture  of  oxide  of  cliromium  and  oxide  of  iron  contained  in 
crucible  lined  with  charcoal,  these  oxides  are  completely  reduced,  and  a  per- 
?cily  homogeneous  combination  of  tlie  two  metals  is  obtained. 

These  compounds  are  generally  hard,  brittle,  crystalline,  of  a  grayer 
rhite  than  iron,  and  of  veiy  considerable  lustre,  less  fusible,  much  less  mag- 
letic,  and  very  much  less  soluble  in  acids  than  iron ;  the  characters  are  the 
Qore  prominent  in  proportion  to  the  amount  of  chromium. 

The  alloy  composed  of — 

Iron      .     .     .     69000        0-83        5  at. 
Chromium     .    351*82        017        1  „ 

is  nearly  of  a  silyer- white,  i^ith  a  fibrous  texture,  not  easily  yielding  to  the 
file,  and  yery  brittle. 

An  alloy  containing  0*60  of  chromium  and  0'40  of  iron  was  obtained  by 
the  reduction  of  equal  parts  of  sesquioxide  of  iron  and  of  oxide  of  chromium, 
as  a  well-rounded  button,  with  numerous  cavities,  and  covered  with  long,  inter- 
laced, prismatic  crystals.  Its  fracture  presented  a  similar  crystalline  texture. 
Its  colonr  was  whiter  than  that  of  platina,  and  it  was  so  hard  tliat  it  cut  glass 
as  easUy  as  a  diamond,  and  so  brittle  that  it  could  be  powdered  in  an  agate 
mortar :  this  powder  still  retained  a  metallic  lustre.  It  was  little  affected  by 
strong  adds,  or  even  by  boiling  with  nitro-hydrochloric  acid. 

M.  Merimee,  with  the  aid  of  a  very  intelHgent  cutler,  tried  two  different 
alloys  prepared  by  M.  Berthier,  the  one  containing  00 10  of  chromium,  the 
other  0*015.  Both  forged  extremely  well;  the  former  indeed  appeared  more 
easy  to  forge  than  pore  cast-steel.  Blades  were  made  out  of  them  for  a  sword 
and  razor,  and  both  were  found  to  be  of  excellent  quality,  their  edges  being 
hard  and  lasting.  But  the  most  remarkable  characteristic  was  the  readiness 
with  which  tliis  alloy  received  a  beautiful  damaskeening  when  nibbed  ^ith 
snlphniic  acid.  This  damaskeening  presented  an  agreeable  variety  of  veins 
of  a  very  brilliant  silver-white,  resembling  much  that  which  is  obtained  from 
steel  when  alloyed  with  silver.  The  white  parts,  according  to  M.  Berthier, 
are  probably  pure  chromium,  upon  which  the  strongest  acids  have  scarcely 
any  action. 

If  the  aUoy  of  iron  and  chromium  could  be  made  serviceable  in  the  arts,  it 
may  be  obtained  much  more  cheaply  by  substituting  chrome  iron  ore  for  the 
oxide  of  chrome,  which  would  be  too  dear.  Chrome  iron  is  veiy  abundant,  and 
is  found  in  a  great  number  of  localities.  To  obtain  j&om  this  ore  an  alloy 
very  rich  in  chrominm,  it  must  be  melted  in  a  crucible  lined  with  charcoal  or 
with  alkaline  glass ;  or,  still  better,  with  vitrified  borax,  with  the  proi)er  pro- 
portion of  lime  and  flint :  but  to  extract  the  maximum  of  chromium,  a  certain 
^pmntity  of  oxide  of  iron  must  be  added  to  the  flux. 

In  thenei^boorfaood  of  Philadelphia  and  other  localities  in  the  United 


.\ 
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States,  this  ore  is  found  iu  large  quantitieB,  and  is  exported  theiMe  ftoEnnipe. 

It  contains — 

Oxide  of  chromium 0'516 

Peroxide  of  iron 0-878 

Aluminum O'OOT 

Silica.    .  X 0029 


0-000 


1 


According  to  M.  Karsten,  we  do  not  yet  know  the  iuflnence  which  amtll 
quantity  of  chrome  exorcises  upon  iron.  Hassen&mts  found  thai  iron  whuk 
contained  hut  a  small  quantity,  could  he  easily  ibiged,  aUhou^  it  was  a  little 
red-shurt;  hut  it  was  not  hritUe  when  cold.  Chromi&ioiis  ores  are  Teiy  zm: 
yet,  according  to  M.  Karsten,  cliromium  is  found  in  cast-iron  as  ofien  as  tilir 
uium,  hut  it  would  seem  to  he  separated  in  refining  the  inm. 

According  to  the  analyses  of  Vauqnelin,  made  upon  red-short  inm  eoa- 
tainiug  00  per  cent,  of  x)hosphorus  and  04  of  chromium,  it  seemed  erediUi 
tliat  the  iron  owed  its  had  quality  to  the  latter  metal.  But  M.  Berthier's  ex 
X>eriiueiit8,  described  above,  tlirow  much  light  on  the  nature  of  tlie  componndi 
of  these  two  metals,  and  on  tlie  best  methods  for  obtaining  them  on  a  smin 
scale. 

Izon  and  Cobalt, — These  two  metals  combine  by  fusion ;  and,  accoidiDg 
to  the  experunouts  of  Brande  and  Bergmann,  cobalt  combines  \iith  iron  in 
all  proportions,  particuhu'ly  when  cobalt  preponderates.  Cobalt,  indeed, 
generally  contains  some  iron,  from  which  it  is  very  difficult  to  separate  it: 
and  the  alloy  is  said  to  be  very  hai'd,  and  to  he  as  ductile  as  iron.  Hence  it 
would  appear,  that  iu  small  quantities  cobalt  cannot  he  injurious. 

Hassoiifratz  confinns  in  many  particulai*s  the  results  obtained  by  other 
metallurgists.  Ilis  experiments  show  that  iron  containing  cobalt  could  be 
bo  til  forged  and  welded ;  and  altliough  a  little  brittle  when  hot,  it  was  not  so 
when  cold.  M.  Garey  tliiuks,  however,  that  cobalt  makes  iron  brittle  idien 
cold. 

According  to  Bcrzclius,  the  alloy  of  these  two  metals  is  hard  and  mag- 
netic ;  but  the  precise  influence  wliich  diflcrent  proportions  of  cobalt  exer- 
cise upon  the  ductihty  of  iron  is  not  known.  M.  Berthier  says  that  the 
alloys  of  tlicse  two  metals  have  tlie  same  properties  as  pure  iron,  and  are 
wliitcr. 

Iron  and  Copper. — These  two  metals  appear  to  have  little  affiuitr  for 
one  another ;  at  all  events,  it  is  very  difficult  to  unite  them  together  directly. 
The  refractory  nature  of  iron  is  in  general  an  obstacle ;  and  by  melting  these 
two  metals  togetlier,  we  often  find  the  iron  mechanically  united  in  the  foimof 
grains  with  the  copper.  Their  alloy,  according  to  Berzelius,  is  gray,  brittle 
when  cold,  and  magnetic  even  when  it  does  not  contain  more  than  a  tenth  of 
iron ;  and  according  to  M.  Lehmann,  a  forty-ei<j^th  part  of  iron  reudeis 
copper  magnetic. 

Wallerius  states  that  copper  alloyed  with  iron  becomes  gray,  hrittk,  k» 


fiiflible,  like  black  copper,  and  magnetic.  Bnt  the  characters  depend  on  the 
proportion,  and  more  or  less  intimate  combination  of  the  two  metals.  The 
maximmn  of  copper  which  can  enter  into  alloy  with  iron,  and  tlie  influence 
which  it  exercises  npon  the  latter,  are  still  nndetermined.  Mr.  Mushct  states 
that  copper  unites  with  iron  in  a  greater  proportion,  as  the  latter  contains  less 
carbon :  so  that  it  would  be  impossible,  he  says,  to  obtain  an  alloy  of  these 
two  metals  by  melting  them  in  contact  witli  cliarcoal.  But  by  taking  very 
particular  precautions  it  is  quite  possible  to  prepare  this  alloy. 

According  to  M.  Berther,  iron  and  copx)er  cannot  form  a  true  alloy ;  but 
when  the  two  metals  are  melted  together  at  a  high  temperature,  the  cast-iron 
retains  a  small  quantity  of  copper,  which  is  not  separated  when  the  iron  is 
refined.    This  agrees  with  the  results  obtained  by  M.  Karsten. 

Copper,  according  to  M.  Karsten,  may  combine  with  any  proportion  of 
iron.  It  is  well  known,  he  says,  that  copper  augments  the  tenacity  and  hard- 
ness of  iron.  Rinmann,  for  this  reason,  thinks  that  it  would  make,  with  raw 
cut-iron,  an  excellent  alloy  for  making  anchors,  mortars,  anvils,  cylinders, 
fte.  200  parts  of  gray  cast-iron,  and  10  of  red  copper  in  thin  shavings, 
BDmersedin  linseed  oil,  and  submitted,  with  the  addition  of  charcoal,  to  a  very 
bot  ibrge  fire  during  twenty-five  minutes,  yield,  according  to  Rinmann,  a 
hcmogeneous  metallic  button,  composed  of  iron  104,  copper  6.  Tliis  alloy  is 
very  hard;  its  density  is  7*407.  Rinmann  recommends  it  for  anvils,  &c. 
Bis  experiments  show  that  200  parts  of  copper  and  10  of  gray  cast-iron 
tittted  in  the  same  way,  yield  a  homogeneous  button  vexy  ductile  when  cold. 
Vith  10  parts  of  copper  and  1  of  raw  cast-iron,  Rinmann  obtained  a  ductile 
tBoy  that  was  magnetic,  and  resisted  tlie  file  better  than  pure  copper ;  the 
iQzfiice  and  the  fracture -were  of  a  fine  red  colour. 

finally,  8  parts  of  copper  and  from  1  to  4  parts  of  iron,  gave  alloys  which 
^tte  harder  than  tlie  preceding,  but  not  perceptibly  more  brittle,  nor  less 
eoJooTed  than  copper.  Rinmann  asserts  in  his  Hittoire  du  Fcr,  that  wrought- 
^>mi  is  rendered  led-short  by  the  presence  of  copper :  elsewhere  he  states  the 
contnuy.  According  to  Lavoisier,  iron  containing  copper  possesses  greater 
Wnacity  than  any  other,  and  becomes  brittle  only  in  the  stages  between  a 
Vtown  red  and  deep  red  heat :  above  or  below  this  temperature  it  can  readily 
^  forged.  M.  BerUiier  affirms,  in  like  manner,  that  iron  containing  copper 
ponesses  great  tenacity  when  cold,  but  that  it  is  brittle  when  hot,  and  can 
be  forged  only  when  above  a  reddish- white  heat,  or  below  a  cherry-red  heat. 
It  is  probable,  he  says,  that  a  large  proportion  of  copper,  one  per  cent.,  for 
Example,  would  give  the  cast-iron  additional  tenacity,  and  make  it  better 
Sited  to  be  employed  in  castings.  This  opinion  supports  that  of  M.  Rinmann, 
already  mentioned. 

Iron  haa  been  found  in  some  copper  money  of  the  time  of  Constantine. 
Hassenfrats  found  that  the  alloy  of  these  metals  is  red-short,  and  brittle 
>hen  cold.  But  he  has  not  stated  the  proportions  of  the  alloy.  Most 
persons  employed  in  iron-forges  have  no  doubt  that  copper  makes  iron  red- 
lluxrt ;  that  a  small  portion  of  this  metal  detached  from  the  tuyeres  by  the 
negligence  of  the  smelters,  may  injure  the  quality  of  the  wliolo  product  of 


802  imoyi  AMD  oomm. 

the  operation;  or  that  a  piece  of  eopper  monej  thvown  jntp  >  Mart  ftwiirB  » 
enough  to  deteriorate  the  whole  of  the  iron  it  eontains. 

M.  Korsten  made  some  refinery  experimenta  at  aome  of  the  Silaaian  §atfS», 
by  adding  in  the  first  place  to  cast-iron  0*5  per  cent  of  oopper.  The  flme 
thereupon  became  green,  dnxing  the  whole  of  the  opeimtion.  The  meld  an 
yery  good ;  tlie  iron  could  be  drawn  without  craddng,  and  bom  TBty  well  the 
tests  of  strength ;  the  copper  did  not  eeem  to  have  ajfected  ila  taiadi^,cilkr 
when  hot  or  when  cold.  He  recommenced  the  same  aort  of  capeiiment  viA 
one  i>er  cent,  of  silver.  There  was  considerable  difficnltj  in  woridag  flie  aeliL 

A  bar  heated  to  redness  and  immersed  in  wafer,  diaengaged  a  Um 
coloured  flame.  Out  of  eight  bars,  six  stood  the  testa  of  atraagth;  tfai  tvt 
otliers  broke  at  points  previously  fissured.  Analyais  ahowed  the  presHHi  d 
0'8W^  per  cent,  of  copper  in  the  sample  of  iron  just  spoken  of.  M.  BsBftea 
hence  infers  that  copper  doea  not  produce  the  ii^juziooa  effiBets  so  gneidtf 
attributed  to  it  He  admits,  however,  that  it  diminishea  the  tenadly  of  ina 
more  even  than  phosphorus,  specially  impairing  its  capahalHy  of  being  wdded. 
It  is  wortliy  of  remark,  he  adds,  that  cupreous  iron,  everything  else  being  the 
same,  requires  six  times  more  time  to  dissolve  in  sulphuric  acid  and  in  sqfu 
regia  than  iron  in  its  ordinary  condition.  M.  Stengel  infers  from  these  expedr 
meuts  that  it  is  to  copi)€r  we  ought  to  attribute  the  defect  in  every  case  wheR 
iron  is  brittle  when  hot,  and  deficient  in  welding  capabilify. 

M.  Hcrvu  made  some  experiments  also,  in  1827,  to  form  an  alloy  of  east 
iron  and  copper,  but  met,  as  he  expected,  with  very  considemble  diffieoltia. 
The  following  was  his  mode  of  procedure : — He  first  melted  100  parts  of 
cast-iron  in  a  crucible,  throwing  in  subsequently  4  parts  of  copper  shanngs. 
After  keeping  the  fused  mass  some  time  over  the  fire,  he  poured  it  into 
a  dry  clay  mould.  But  in  consequence  of  the  mould  being  damp,  or  from 
some  such  cause,  the  metal  boiled  with  considerable  violence  £rom  tbe 
moment  it  entered  the  mould,  and  some  portions  of  the  alloy  were  projected 
to  ditfereut  parts  of  the  room.  After  it  had  cooled  he  obtained  an  ingot  M 
of  blisters,  and  as  though  pierced  through  at  every  part  except  at  the  ex- 
tremities. Its  fracture  was  craggy,  lamellar,  granular,  with  large  blisten ;  st 
the  extremities  of  tlie  ingot  it  was  granular,  and  wanted  lustre.  The  ookor 
was  a  bluish-white  gray.  Under  tlie  file  it  was  of  a  grayish-white  coto, 
and  brilliant;  under  tlio  griuding-stono,  steel-gray  and  shining.  The 
ingot,  in  other  respects,  presented  no  characters  of  copper ;  but  the  TSsidBe 
found  at  the  bottom  of  the  crucible  was  very  cupreous.  There  must,  tfaea, 
]iave  been  at  least  a  partial  separation  of  the  copper.  The  aspect  of  the 
fracture  of  the  ingot,  however,  would  indicate  tliat  a  small  portion  of  the 
copper  remained  in  combustion  with  the  cast-iron. 

No  one  has  yet  succeeded  in  giving  iron  a  covering  of  copper ;  or  in 
covering  it  with  a  layer  of  this  metal  by  the  "  wet  method  **  except  by  the  electro- 
depositing  process.  Veneering  and  incrustation  have  been  tried  with  more  sa^ 
cess ;  but  tliese  operations,  indeed,  amount  to  no  more  than  the  liqueftdiaiii 
by  means  of  borax,  of  the  copper  which  is  intended  to  fill  up  the  iateniiees 
made  in  the  iron.    The  alloy  of  these  two  metals  is  met  with  native;  it  eon- 
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ites,  in  a  great  measiire,  what  ia  known  as  black  copper ;  that  ia,  unrefined 
>er  extracted  from  sulphuretted  ores  of  copper.  Thus,  the  copper  of  Peru 
ains,  according  to  M.  Berthier : — 

Copper 0078 

Iron 0*020 

Sulphur 0002 

1000 

would  appear  to  be  black  copper  not  refined.  Very  often  it  contains  a 
h  greater  proportion  of  iron. 

I.  Berthier  has  made  the  analysis  of  scoria  from  various  works  for 
ing  M^^per,  and  he  has  found  that  the  residue  of  the  refinery  of  PeruYian 
er  was  composed  of — 

Copper 019 

Iron 081 

Sulphur a  trace 

100 

lie  "  matts"  obtained  by  smelting  roasted  copper  pyrites  contain,  ac- 
ing  to  M.  Berthier : — 

Copper 0-270 

Iron 0-400 

Sulphur 0-250 

Earthy  matter 0080 

1-000 

lie  very  rich  "  matts  "  arising  from  the  fusion  of  the  preceding  "  matts  " 
an*  after  washing,  according  to  Berthier : — 

Copper 0-660 

Iron 0-080 

Sulphur 0-210 

Earthy  matter 0050 

1-000 

i,  multitude  of  small  grains  of  metallic  copper  were  found  in  them. 

lie  "  matts  "  arising  from  the  fusion  of  cupreous  schist  also  contain  iron. 

following  is  their  composition  according  to  M.  Berthier : — 

Copper 0-580 

Iron 0-182 

Sulphur 0-232 

Earthy  matter 0*006 

0*050 
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The  "  matts  "  arudng  firom  the  treatment  of  the  pteoeding  "  mattB  "  ec 
tain: — 

Copper 0'598 

Iron 0*158 

Sulphar 0*226 


0*082 


Tliej  ore  obtained  as  thin  plates  of  a  metallic  black  colour,  with  a  cr 
talline  fracture,  mixed  with  an  infinity  of  very  small  orystalline  gnuns  of  i 
copper. 

There  exists  in  tlie  neighbourhood  of  Voltera,  at  Monte-Gasteli,  in  Ti 
cany,  a  large  mine  in  which  yariegated  copper  forms  the  prineiptl  a 
It  is  very  compact,  with  unequal  fracture,  of  a  bronzed  eoloiir,  gr 
coloured  at  the  fractures  while  fresh,  but  of  a  shining  blue  shade,  like  t 
breast  of  a  pigeon,  after  being  some  days  in  contact  with  the  air.  It  oonsis 
according  to  M.  Bcrthier,  of — 


Copper 007*2 

Iron OOf.8 

Sulphur 0-214 

Gan'aic 0040 


.0*994 


'o 


\Miicli  correspouds  Avitli — 

Sulphide  of  copper    .     .    0*887    .     .     8  at. 
Proto-sulphido  of  iron    .    0113    .     .     8  „ 

M.  Ceroid  mentions  a  specimen  of  ma*;iietic  iron  from  Mexico,  where 
occurs  in  considerable  beds,  and  which,  witli  a  specific  gravity  of  4*9,  is  sa 
to  be  very  rich  in  copper. 

M.  Stromeyer  found  copper  in  tlie  proportion  of  0001  to  0003  insllt} 
aerolites  ho  examined. 

Iron  and  Tin. — According  to  M.  Dumas,  tin  enters  into  alloy  with  ir 
in  all  proportions.  Heated  to  a  high  temperature  tliey  melt ;  but  at  a  moc 
rate  heat  a  separation  takes  place — a  species  of  liquation.  At  first  a  qu 
I  tity  of  pure  tin,  more  or  less  considerable,  is  melted;  then  tin  alloyed vi 
iron ;  and  there  finally  remains  a  less  fusible  alloy,  consisting  of  tin  and  ir 
in  other  proportions,  the  iron  predominating.  This  operation  is  perform' 
on  a  large  scale  to  purify  ferruginous  tin.  M.  Berthier  states  that  a  vexy  snu 
quantity  of  u*on  is  sufficient  to  diminish  the  malleabiUty  of  tin,  Uendsh  i 
white  colour,  and  render  it  hard.  The  very  smallest  trace  is  detected  by  tl 
action  of  the  magnetic  needle. 

M.  Berthier  says  that  the  two  metals  enter  into  direct  alloy  when  iht 
oxides  are  heated  with  eitlier  charcoal  or  black  fiux. 

The  alloy  composed  of — 

Tin Or,51    ...     1  at 

Iron 0-640     .     .     .     4  .. 
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dear  iron  gray  colour,  crystalline,  and  sufficiently  brittle  to  be  reduced 
se  to  an  impalpable  powder. 

alloy  composed  of — 

Tin 0-50 

Iron 0-50 

grayish-white  colour,  very  brittle,  with  a  granulated  fracture.    Ac- 

to  Messrs.  Bergmann,  Karsten,  and  others,  by  melting  iron  ydih.  tin, 
tinct  and  definite  alloys  are  always  obtained :  the  one  composed  of 
I  of  tin  and  1  of  iron ;  the  other  of  2  of  iron  and  1  of  tin.  The  first 
malleable  and  harder  than  tin,  without  being  so  brilliant ;  the  other 
ery  malleable,  and  too  hard  to  be  pared  with  the  knife, 
lassenfratz  has  also  succeeded  in  directly  combining  tin  with  wrought- 
le  finds  that  iron  impregnated  with  tin  cannot  be  forged,  and  that  it 
pieces  under  the  hammer.  A  sheet  of  tin  placed  between  two  sheets 
iron  produces  the  same  effect.  M.  Karsten  made  some  experiments 
is  subject  in  Siberia.  Tliey  show  that  one  per  cent,  of  tin  added  to 
1  renders  the  iron  extremely  brittle  when  cold ;  but  it  is  by  no  means 
t,  and  can  easily  be  forged  when  hot,  giving,  during  the  operation, 
ipours,  which  condense  upon  the  anvil  and  hammer, 
analysis  showed  only  0*10  per  cent,  of  tin  in  this  iron,  the  strength  of 
lowever,  was  considerably  diminished.  The  same  quantity  of  phos- 
nrould  not  produce  any  sensible  effect  upon  the  quality  of  iron.    M. 

hence  concludes  that  tin  is  more  prejudicial  in  iron  than  phosphorus, 
n  containing  tin  has  a  texture  as  fine  as  steel ;  it  is  very  sonorous, 
eive  a  very  beautiful  polish,  and  possesses  great  hardness  without 
y  so  easily  by  a  sudden  concussion,  and  without  rusting  so  readily  as 
r  cast-iron, 
^mann  proposes  to  employ  it  for  several  kinds  of  ornaments,  for 

and  particularly  for  bells,  on  account  of  its  very  great  fusibihty.  He 
ad  that  aU  the  alloys  of  iron  and  tin  that  he  had  examined,  blackened 

and  linen  like  tin,  and  that  they  had  also  the  same  peculiar  disagree- 
>ur  even  when  containing  only  a  very  small  proportion  of  tin.    Oxide 
lelted  with  iron,  is  reduced  to  the  metaUic  state. 
»rding  to  Messrs.  Macquer  and  Leonhardi,  a  small  addition  of  iron 
L  a  beautiful  polish.    With  one  part  of  iron  and  two  of  tin,  a  ductile 

obtained,  which  is  attracted  by  the  magnet,  and  has  a  dark  gray 
The  proportion  of  two  and  a-half  per  cent,  of  iron  will  alone  suffice 

tin  magnetic.  By  melting  together  equal  parts  of  tin  and  iron,  a 
ittle  mass  is  obtained,  of  a  density  which  is  unequal,  in  consequence 
iron  separating  during  the  cooling. 

is  a  powerful  solvent  of  iron :  20  parts  of  tin  suffice  to  fuse  100  parts 
ilings  at  a  temperature  which,  without  such  assii^t^ce,  would  J|i§]r% 
r  from  fraffidfint  to  produce  that  result.  M.  Heiver'lMui  sometimes 
id  in  liquefying  forged  iron  with  only  ten  per  cent,  of  tin.  The  first 
Bsented  the  following  characteristics : — Compact  firactore,  acLsar  fgc«j 
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colour,  and  dull  Bur£Eu»;  under  the  file  a  steel-gimy  odloiir,  and  ahiiiiiig; 
under  the  grinding-stone,  the  same  colour.  This  alloj  vas  Teiy  haid  and 
brittle ;  it  wore  out  the  file.  Another  alloy,  fonned  with  100  pazti  of  ctst 
iron  and  1  part  of  tin,  presented  an  even  fimctnxe,  Bli^tly  grunilar;  of  a 
clear  gray  colour,  and  dull ;  under  the  file,  of  a  grayiah-white  whining  oolonr ; 
under  tlic  grinding- stone,  the  same  colour.  This  alloy  waa equally  hottle  and 
hard. 

Tin  manifests  an  affinity  for  iron  at  the  temperature  of  fhaion.  It  then 
attaches  itself  to  the  surface  of  this  metal,  and  thus  fomishea  an  excelVint 
means  of  protecting  it  agauist  mst    This  is  what  is  called  tinning. 

Sheet-iron  covered  with  tin  is  called  tin-plate,  and  senrea  for  a  gmt 
number  of  purposes.  The  metals  form  a  true  alloy  at  the  aozfiaoe,  with  a  lajer 
of  pure  tin  over  it.  Tinned  iron  presents  the  same  appeanmoe  aa  tin,  having 
both  its  colour  and  brilliancy.  It  preserves  the  latter  quality  in  the  air  better 
than  tin  itself,  because,  as  M.  Dumas  considers,  a  galvanio  action  ia  kept  19 
between  tlie  two  metals,  tin  being  negative  in  relation  to  iron.  But,  lor  the 
same  reason,  oxidation  takes  plo^  much  more  readily  wherever  there  is  the 
smallest  flaw  in  the  coating  of  tin,  for  the  galvanic  action  renders  the  iron 
more  susceptible  of  oxidation  than  in  the  natural  state.  When  the  she^ 
iron  is  very  thin,  it  is  quite  penetrated  by  the  tin,  and  becomes  white  at  the 
interior,  is  more  easy  to  cut,  and  more  malleable. 

Sheet  iron,  intended  for  tinning,  should  be  of  the  finest  quality,  and  care- 
fully worked  by  hammering  and  rolling.  The  sheets  are  immersed  for  some 
minutes  in  vcr>'  dilute  hydrochloric  acid,  then  placed  in  on  oven  and  heated 
to  redness,  to  detach  tiie  scales  of  oxide.  It  is  then  a  second  time  flattened 
between  hard  cast-iron  rollers ;  again  immersed  for  twelve  hours  in  a  sour  Ije, 
made  by  fermenting  bran  ^\ith  water ;  then  in  water  acidulated  with  sulphnzie 
acid,  and  agitated  for  about  an  hour  imtil  quite  bright  When  this  operation, 
which  is  called  "pickling,"  is  completed,  the  plates  are  immersed  in  water, 
scoured  A\ith  hemp  and  sand,  then  immersed  separately  in  melted  tallow,  and 
finally  in  melted  tin.  When  removed  from  the  tin  bath  the  plates  are 
drained  upon  an  iron  grating,  and  the  superfluous  tin  removed  by  successiTe 
immersion  in  1)atlis  of  pure  grain-tin,  grease,  and  again  in  pure  tin. 

Vessels  and  utensils  of  cast-iron  are  tinned  by  cleansing  the  surface  of  the 
metal  ii^-ith  dilute  hydrochloric  acid  or  chloride  of  tin,  and  are  then  coated  bv 
rubbmg  the  heated  vessels  ^vith  tin,  or  by  immersing  them  in  a  bath  of 
the  melted  metal.  j 

The  thi  covering  tiie  X)lates  of  iron  presents  a  perfectiy  smooth  and  bri^t  I 
appearance,  but  its  texture  is  nevertheless  crystalline,  which  becomes  apparent  | 
when  the  outermost  layer  is  dissolved  by  a  weak  acid.  It  then  presents  a  ! 
kind  of  watered  "  moiro  metallique  *'  appearance,  which  is  often  very  beaa-  | 
tiful.  The  acid  and  liquid  used  for  this  purpose  consist  of  2  parts  of  hydro-  ; 
chloric  acid,  1  part  of  nitric  acid,  and  3  parts  of  water.  1 

Tlie  watered  appearance  is  produced  by  the  unequal  action  of  the  add 
upon  the  crystallized  portions  of  tiie  tin.  The  size  of  the  crystals  depends 
much  upon  the  rapidity  with  which  the  tin  is  cooled.     The  crystallized  mn^ 
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&ce  should  be  immediately  covered  with  a  transparent  varnish,  either 
coloured  or  otherwise. 

An  alloy  consisting  of  5  parts  of  tin  with  1  of  iron,  called  "Biberel's 
alloy,"  is  used  for  tinning  copper ;  its  density  is  7' 247,  it  is  slightly  malleable 
when  cold,  but  brittle  when  hot,  has  a  steel-gray  granular  texture,  and  may 
be  cut  with  scissors ;  it  is  easily  obtained  by  molting  togetlier  tin  and  clip- 
pings of  tin-plate.  It  is  said  to  give  a  more  durable  coating  of  tin  to  vessels, 
and  is  not  so  readily  acted  upon  by  weak  acids.  M.  Thenard  suggests  for  the 
same  purpose  an  alloy  of  8  parts  of  tin  and  1  part  of  iron.  It  is  soUd,  brittle, 
with  a  fine  close  granular  texture,  of  a  wliitish-gray  colour,  fusible  a  little  below 
a  red  heat.  It  is  obtained  by  heating  iron  and  tin  in  a  crucible,  and  covering 
the  mixture  with  pounded  glass. 

Dr.  Ure  states  that  tinned  iron  apphed  between  the  joints  of  wrought 
brass,  moistened  in  tlie  first  place  yviih  a  strong  solution  of  sal  ammoniac, 
forms  an  excellent  solder,  if  care  is  taken  to  avoid  too  strong  a  heat  during 
the  operation. 

"When  tin  ores  are  melted  in  a  reverberatory  furnace,  ferruginous  tin  and 
scoriie  are  alwajB  produced,  which,  according  to  M.  Berthier,  contain  a  great 
deal  of  oxide  of  iron  and  a  certain  quantity  of  oxide  of  tin.  Tlie  scoriie,  when 
rich,  are  re-melted,  and  again  produce  femiginous  tin.  This  is  submitted  to 
liquation ;  and  by  this  means  tin,  with  very  Httie  alloy,  is  obtained,  and  there 
remains  on  the  hearth  of  the  furnace  an  alloy  containing  a  large  amount  of 
iron. 

boiiy  Oopper,  and  Antiuony, — According  to  M.  Achard,  antimony  deter- 
mines the  combination  of  copper  with  wrought-iron :  equal  parts  of  antimony 
and  iron,  and  four  times  as  much  copper,  form  an  alloy  which  is  metallic,  of 
uniform  texture,  very  dense,  brittle,  white,  imchanged  by  the  air,  with  a  frac- 
ture like  that  of  steel,  but  capable  of  being  easily  filed  and  cast.  The  alloy 
of  these  three  metals  is  met  with  in  the  " rosette  copper*'  of  Hungary ;  it 
consists,  according  to  M.  Berthier,  of — 

Copper 0092 

Antimony 0*007 

Iron 0001 


1000 


M.  Herve  tried  to  combine  these  three  metals  in  the  following  propor- 
tions:— 

Wrought-iron  in  pieces  ....     1 00 

Copper 38-7 

Antimony 10 

The  object  was  to  ascertain  if  antimony  was  a  good  agent  for  producing 
the  alloy  of  copper  with  iron ;  and  the  result  was  uiifavourable  to  the  suppo- 
ntion.  A  little  antimony  combined  with  tiie  iron,  and  somewhat  more  with  tiie 
copper;  but  he  did  not  succeed  in  dissolving  the  pieces  o£  "WTou^Vixoii.^  «ckA 


they  were  taken  ont  of  the  emeOde  envalofed  in  a  OEMloffaL  tDflfiif  oopfv 
with  antunony,  containing  probaUy  a  iman  prapottkA  of  inn.  Ha  toi 
the  alloy  had  a  ioo|^  firaetnre,  mm  enggy,  gnamkr,  pems,  giajklt^HiiftSi 
and  had  a  tolerable  lustre.  Under  Hio  iile,  liiwui  uliHirit  gii^  wad  MfliMt; 
under  the  giinding-etone,  ateelgraj  and  brillkBt 

According  to  M.  Aohazd,  antimony  deteiadntti  flie  onrnKhwIiMi  oleofps  I 
with  cast-iron  in  the  high  eat  proportioii.    M.  Harro  made  ftvia  ei|iiiiiimii 
to  alloy  these  three  metidB  in  the  ibUowing  propoiilQna  >— 


1st  experiment 

2nd 

ard 

4th 

5th 


»* 


If 


ft 
If 


Antimony.  Copper'.  Baw  iniL 

.    0-65    .  .    1-S8  .  .    0*65 

.    1*00    .  .    SOS  .  .    1*00 

.    1*8$    .  .    2-60  .  .    1*43 

.    1-4S    .  .    8-57  .  .    V4A 

.    6-00    .  .  96-94  .  .    6-00 


The  ingots  obtained  presented  the  fsllowing  ohazaeteri8tles>- 
]«t  Experiment. — ^Fracture  rough;  texture  granular  and  dose,  of  adiH^ 
aspect,  dull.     Under  the  file,  deep  steel-gray  colour  and  brilliant;  nndff 
the  grinding-stone,  grayish-white  colour,  tending  slightly  to  yellow,  biilliani 
The  ingot  presented  no  appearance  of  copper. 

2nd  Experiment. — Fracture  rough,  striated,  lamellar ;  of  a  bluish  gray- 
white  colour;  slightly  lustrous.  Under  the  file,  of  a  clear  steel-gray  cdoor, 
shining;  under  the  grindingstone,  the  same.  This  ingot. did. not preeent 
any  appearance  of  copper. 

Srd  Experiment. — Bough,  craggy  firacture,  striated,  radiatedf  of  a  bluish 
gray- white  colour;  not  lustrous.  Under  the  file,  grayish-white,  tending 
slightly  to  yellow ;  lustrous.  No  appearance  of  copper  in  the  ingot,  which 
had  also  the  appearance  of  being  hard,  stiff,  and  brittle. 

^th  Experiment. — Hough  fracture,  granular,  not  close ;  of  a  bladdsh-graj 
dull  colour.  Under  the  file,  a  steel-gray  colour,  brilliant ;  imder  the  grisd- 
ing-stone,  a  deep  steel-gray,  brilliant.    It  had  no  appearance  of  copper. 

(>th  Experiment. — ^Rough  fracture,  granular,  lamellar,  of  a  bluish  gnj- 
white  colour  ;  not  lustrous.  Under  the  file,  iron-gray  colour,  moderately 
brilliant;  under  the  grinding-stone,  steel-gray  colour,  brilHant.  The  fac- 
ture  of  this  ingot  presented  also  a  small  nucleus,  of  a  reddish-white  cdoar, 
which  appeared  to  contain  more  copper  than  the  other  portion  of  the  iogot. 
with  the  exception  of  a  few  cupreous  patches  near  it. 

M.  Herve  infers  from  these  experiments  that  antimony  is  a  Teiy  good 
medium  for  alloying  copper  with  raw  iron,  and  more  effective  than  eren  tin 
or  zinc.  It  is  clear,  in  fjeict,  from  the  fourth  experiment,  that  1  -42  of  antimony 
sufficed  to  produce  the  combuiation  of  8*57  of  copper  with  100  of  cast-iron. 
The  results  of  the  fourth  experiment  are  still  more  concluaiTe ;  for  notirith- 
standing  the  nucleus  and  the  cupreous  patches  which  the  Ihtctnre  cf  flu 
ingot  presented,  it  seems  that  the  greater  part  of  the  twenty-six  per  cent  of 
copper  had  combind  with  the  mass  of  iron. 
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L  these  ingots  were  hard,  moderately  brittle ;  but  that  in  the  fourth  ex- 
Bnt  was  less  so  than  others. 

»ny  Axsenle,  and  MiekaL — ^A  compound  of  these  three  metals  occurs 
in  the  nickel  ore  called  kupfemickel,  consisting,  according  to  M. 
eycr,  of — 

Nickel 0-442 

Iron 0000 

Arsenic 0-548 

Sulphur 0-004 


1-000 


le  pure  mineral  contains  0*5599  of  arsenic.  According  to  M.  Berthier, 
iting  the  arsenide  of  nickel  with  iron  in  any  proportions,  obtained  by  the 
ion  of  the  arseniate  in  a  crucible  lined  with  charcoal,  double  arsenides 
)tained,  which  are  homogeneous,  very  hard,  brittle,  and  of  a  grayish- 
colour  like  cast-iron. 


\ 


CHAFTEBXTL 

ox  wBoroHi^iMaa  n  uxax  Muro. 

The  manuErMtore  of  vnraght-iroa  in  luga  matmm  MBBot  Iwutaf  aiOT 
earljorigin.  Althon^  tn  read  in  tha mort  iidant rf Bootai IhatTabdCMi, 
before  the  Flood,  ma  ui  inftmetoT  ot  nerj  aitifioar  in  hnm  and  iRS.  it 
would  doubtless  have  puzzled  «Tan  that  gnat  ibsnder  of  tiM  inn  tnl^M 

he  been  furnished \rith an mder  to  make  ttie  largo inanB  of  iinHl|^lrai>' 
quired  for  a  "  Great  Britain,"  "  Persa,"  "  KuHmbobi^''  ck  "  GmtSMlm* 
flteam-ship ;  oikd  he  would  hvn  boon  oqnaQif  ai  a  loai  wifit  IM17  natea 
eraftsmeu,  had  he  been  requested  to  tatga  a  "nunatargimi'ar  k  4odl»- 
throw  crankshaft  for  engines  of  1000 home-power.  Went  lu  again  pvHsltsl 
to  visit  Iho  world,  the  mightymachinerj  at  work  on  ereiyhand  wonUeoqd 
the  admiBsion,  tlidt  his  trade  had  made  great  strides  during  his  absence. 
These  adTonccs  in  the  manofoctore  of  wrought-iron  in  largo  masse*  ban 
taken  place  almoBt  entirel;  within  the  present  centoiy,  if  no^  indeed,  witbu 
the  last  thirty  jcare.  Up  to  that  period,  tba  improvements  npon  Tnbal  Cain'i 
(we  presnme  original)  inventianB  were  of  so  limited  a  natore,  that,  in  Ibe 
jear  1^;!0,  the  manniiictnre  of  a  shaft— say  of  about  6  inches  diameter,  wd 
weighing  19  or  20  cwt. — required  the  concentrated  exertione  of  a  bigc 
establishment,  and  was  conmdered  a  Tast  triumph  if  snccessAdly  acc<nii- 
plished;  whereas  we  are  now  accustomed  to  forgings  of  20  and  30  tons' 
weight,  as  matters  of  every-daj  occurence,  scared;  exciting  the  sU^tcsl 
notice.  Nor  do  we  stop  even  here :  moch  larger  masses  will  no  donbL  *R 
long,  be  manufactured  for  the  construction  of  iron  ships,  which  in  htnn 
years,  owing  to  the  increased  size  and  strength  of  the  plates,  will  be  baiU 
upon  a  scale  that  would  but  recently  have  been  deemed  &bulons.  This  con 
siderallon,  combined  witJi  the  requirements  of  rapid  communication,  wbidi 
demand  more  colossal  engines,  call  for  renewed  energy  in  condneting  thii 
important  manufacture. 

It  may.  perhaps,  not  be  out  of  place  to  mention  here,  as  a  fact  hsTinf 
fbw  parallels  in  other  branches  of  the  indusbrial  arts,  that,  almost  wilhonl 
exception,  all  the  improvements  that  have  latterly  crowded  npon  each  other 
in  this  trade  have  originated  with  the  "  hammermen"  or  workmen  thaB- 
selves,  and  have  been  worked  without  even  the  protection  of  an  exclnsv* 
patent-ri^t. 

Oor  subject  naturally  divides  itself  into  two  chief  heads,  viz.  the  mttt 
rials  of  which  forgings  are  made,  and  the  tools  with  which  the  mannfadnw 
is  accomplished.    We  purpose  treating  of  the  latter  first. 

Vescxlptlott  of  FovKv-tAoU.— A  forge  has  necessarily  three  piind;*! 
diviBions,viz.  the  furnace,  the  crane,  and  the  hammer;  andtheyi 


rOBOB  TOOLS. 

f  fixtures.  The  furnace  [Fig.  1)  is,  in  this  country, 
le  ordiaaiy  roverberaiting  descriptiun,  Btroiiglj  boimd 
thcr  with  pLites  and  binders  of  iron,  of  n  propor- 
ate  size  to  the  deecription  of  work  intended  to  bo 
ormed.  A  very  great  deal  moro  depends  upon  llie 
ace  than  might  bo  HuppoBoJ  by  tlioao  who  are  not 
onghly  conversant  with  the  practical  working  of  one 
iatioua  in  the  slightest  detail  in  their  construction  or 
long  are  foUowed  by  such  great  differences  in  the 
Ita,  that  even  a  good  and  experienced  funiaccman.  if 
»  manAge  a  strange  fumaco,  will  lind  some  difficulty 
1  he  has  made  himself  thoroughly  acquainted  with 
leculiaritiea. 

rha  selection  of  a  proper  description  of  fire-brick 
I  which  to  constmct  the  fiimace  is  a  matter  of  con 
rable  importance.  Without  attempting  to  eater  into 
meiita  of  dificrent  lire-bricks,  we  would  observe  that 
El  of  expense  is  infinitesimal  when  compared 
.  the  eonscqnences  of  nsing  cheap  and  inferior  bricks 
!h  wool  I  bo  costly  at  tl  e  lo  vest  pnpc 
I  the  great  wear  and  tear  upon  them  and 
I  the  annojatice  ai  d  loss  caused  by  the 
i-rcpeated  stuppogcs  for  repau-s  It  is 
efoie  the  nisest  aud  best  economy  al 
S  to  use  the  very  be^t  fir    bneka  tl  al 


\h 
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money  can  procure.  In  some  cases  where  laige  work  is  intended  to  be  nsdB, 
a  furnace,  with  a  grate  at  each  end,  end  having  the  etnek  or  ehinnMyii 
the  centre,  has  been  tried ;  but,  as  it  has  not  been  genemDj  introdnoed,  «e 
presume  it  possesses  few,  if  any,  advantages  orer  the  ordinary  ftimaee.  Is 
fact,  for  tlie  largest  forgings  that  have  ever  been  made,  ftimaoes  wifli  sie^ 
grates  have  proved  successful,  where  donUe-grated  ftraaoes  bare  hSkL 
The  sketch  we  have  given  in  Fig.  1  is  a  ftimace  snoh  as  ia  genenlfy  mi 
and  which  is  foimd  very  effective  for  the  puipoees  required. 

In  America,  where  the  chief  ftiel  is  anthracite  odal,  fiimaeea  with  dosii 
ash-pits,  and  blown  with  a  fian,  are  need,  and  which,  we  are  given  to  ante- 
stand,  answer  very  welL 

Mr.  Mallet,  in  his  work  on  the  "  Oenstmotion  of  ArtiUexy,"  page  Hi 
states,  that  "  at  length  the  limit  is  found  when  with  our  preaent  known  note 
of  working  wrought  iron  (even  with  the  heaviest  and  best  applianoee)  we  en 
no  longer  add  to  its  size.  The  limit  is  reached  by  the  fidlnre  of  power  toknt 
the  mass,  or  the  required  part  of  it,  to  the  welding  heat  The  time  leqvini 
for  tlie  piece  to  remain  in  the  fhmace  to  effect  this,  continually  inciieaiM  at 
its  bulk  grows,  and  i^'itli  it  the  sources  through  which  heat  is  lost  and  dktt- 
pated  ;  but  a  certain  jiroportion  of  iron  is  burned  away,  or  melted  firom  the 
surface  at  tlic  part  requiring  to  be  brought  to  welding,  as  equals  the  wei^tof 
the  *  slab'  or  mass  laid  un,  and  the  labour  is  then  in  vain :  the  work,  like  that 
of  the  embroidery  of  Penelope,  becomes  an  endless  task,  and  the  limit  has 
been  reached  beyond  which  the  piece  can  be  forged  no  bigger.  The  point  tt 
wliich  this  limit  is  reached  can  be  stretched  a  good  deal  by  the  extreme  skill 
of  the  operative  forgeman,  and  the  skilful  construction  of  liis  fnniace ;  bit, 
however  great  these  may  be,  tlie  limit  is  at  length  reached  by  aU ;  and,  with  oor 
existing  tools,  in  Great  liritaiu  is  probably  reached  in  every  case  at  a  diameter 
(of  a  cylhidrical  mass)  of  about  four  feet,  and  about  twenty  feet  in  length." 

There  is  considerable  truth  and  force  in  these  observations  as  appUcd  to 
existing  machinery ;  but  tbe  paragraph  seems  to  convoy  the  impression  thst 
we  are  not  expected  to  exceed  Uie  limits  laid  down  by  Mr.  Mallet.  We  should 
be  sorry  to  endorse  tliis  opinion,  or  to  believe  that  we  have  even  approached 
the  maximum  size  in  our  forgings,  havhig  so  frequentiy  and  so  recently  sees 
tlmt  which  is  in  one  3*ear  deemed  impracticable  in  the  manufieu:ture  of  foig- 
ings,  accomphshcd  witli  tlie  utmost  case  in  the  succeeding  one ;  while  the 
necessary  requirements  of  timt  year  are  again  followed  by  still  fbrther  im- 
provements, even  where  invention  and  mechanical  skill  had  apparently 
reached  tlieir  highest  development  And  so  it  will  continue  to  the  end  o! 
the  chapter.  We  might  as  well  attempt  to  obstruct  tiio  progress  of  the  engi- 
neer, and  say  to  hun,  "  Thus  far  canst  tiiou  go,  but  no  farther,'*  as  attempt 
to  limit  the  sizes  to  which  forgings  may  be  made  in  future  years.  If  larg^ 
forgings  are  required,  and  money  is  forthcoming  to  pay  the  cost  of  their 
manufacture,  the  work  will  not  stand  still  for  the  want  of  workmen  io 
undertake  it,  or  macliinery  wherewith  to  handle  it,  however  large  it  may  be. 
The  only  real  obstacle  to  the  production  of  forgings  of  larger  size  is  the  cost; 
tlie  bugbear  set  up  in  tiie  above  extract,  that  more  iron  is  wasted  thi» 
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■  added,  being  but  uwthei  mode  of  accountiug  for  inexperience  and  bad 
-workiiuuuihip. 

M. — ^a  emne  is  a  Teiy  useful  noxillaiy  in  the  working  of  the  forge. 
Wittioat  its  uditwonld  be  impossible  to  fabricate  thoee  lu'ge  mosses  of  iron, 
the  ftlmoet  daily  mann&cbire  of  which  has  ceased  to  excite  surprise  at  tbeir 
magnitude. 

The  crane  (Fig.  S),  as  is  well  known,  is  compossed,  first  of  a  strong  up- 
right, either  independentlj  . 
fixed  in  a  solid  foundation 
in  the  groond,  or  depen- 
1  the  walls  or  roof 
of  ft  building ;  next,  of  the 
top  pieces,  called  "  cheeks," 
and  the  "  stajs,"  to  which 
is  Kttached  a  winch  of 
ordinar; construction;  and 
a  strong  pur  of  blocks, 
with  a  chain  leading  to 
Ihs  winch.  It  is  neces- 
■aiythat  the  blocks  should 
ba  capable  of  working  back- 
ward and  forward  on  the 
cheeks,  which  is  techni- 
cally called  "  racking  out, 

or  "  in,"  from  the  fact  that  ^^-  *■ 

a  rack  end  pinion-wheel  are  generally  employed  to  effect  the  object.  The 
oane  must  also  be  so  placed  that  the  centre  is  exactly  equidistant  from  the 
centre  of  the  fomaee-door  and  the  cenbre  of  the  anvil,  its  use  being  to  swing 
"the  piece"  from  the  furnace  to  the  anvil,  and  vice  versa. 

Cranes  have  generally  been  made  of  wood,  although  very  few  sorts  of 
wood  are  capable  of  resisting  the  great  heat  to  which  cranes  for  forging  are 
iotijected.  Others,  however,  have  lately  been  made  of  ire 
lore  of  iron  and  wood.  Cast-iron,  being  comparatively  brittle,  is  decidedly 
objectionable  and  unsafe,  in  cousequence  of  the  great  weight  they  have  to 
\tai,  and  the  excessive  jar  of  the  forge-hammer.  There  is  less  objection  ' 
nought-iron,  which  if  rightly  proportion,  is  wo  beUeve,  the  best  material 
for  the  purpose. 

Hanunata. —  'We 

now  come  to  what  is, 

perhaps,  the  most  im- 

portaut,or,&tany  rale , 

what  is  considered  the 

most  important,  tool 

I  n».  ».  in  the  forge ;  viz.  the 

hanuner ;  and  we  purpose  giving  a  slight  description  of  the  various  sorts  in 

use  at  tbe  present  time,  including  the  beantifnl  direct-acting  WA  Vn&'mx  «&  '^ 


Qm  Numjflt  or  ■tMm-hamiMr.    W«  an  «Hklak : 

to  cousidei  ths  meiitB,  or  pra  uj  daan^fim  of  flaa  wk 

that  have  been  ftttomptad  on  tha  ai_ 

eonfined  to nutteni of  detul,  widlatAmm  htinliii  dAiii nfdpdlt^aii 

wa  gladly  retam  to  tlie  oa^mH  Navijfh. 

Tba  most  ancient  form  of  tangtiaamn  mm  prababfy  Aot  tidaifl4 

iiilliiiT  llm    I ml  liiiTiiirTia  l.hiiiiaii  III  riaiiiii  ■■llm"  MiilMiliMlil' 

from  ita  being  lifted  at  the  front  and.    Hiia  hammer  JaahiwyiiiMifllw* 

iion,  which  waa  lifted  hj  pittjeeting  saaa,  flxad  in  » liag  of  inm.  edMAi 

••  cam-ring,"  falling  throa^  a  eortain  qaea  bj  ita  owa  grantj.    Tha|i<ib 

behind,  on  irtiiah  it  rested,  wore  nf  a 

eorred  fonn.  to  allow  ita  being  aarify 

wolfed.     7his  waa,  and  atiU  ia  in 

many  woriu,  a  veiy  efieotiTe  tool,  par- 

forming  its  work  with  regalari^,  and     ii        ^  q 

seldom  getting  out  of  order.  H  — -^^^  .. 

The  "  tennant-helves  "  being  foand  ^if .  4. 

inconvenient  for  certain  dcaeriplionB 

of  work,  tlie  "  tilthommer  "  Fig.  i,  was  introduced.  Instead  of  being  lUMi 
at  the  front  end,  this  hammer  ia  depressed  bj  a  similar  *'  cBm-ring'&O 
a  part  projecting  behind.  It  is  composed  of  wood  and  iron,  the  dnk 
being  of  good  tough  oak,  wedged  into  a  ring  in  which  it  woib;  ^ 
bommer-bead  being  also  wedged  on  to  the  shank.  The  ahank  ia  animeaiM 
bj  a  beam  of  wood,  which,  acting  as  a  powerfiil  spring,  givea  gieateiftw 
and  rapidity  to  the  blow.  This  form  of  hammer  waa  pecnliarlj  adapted  tn 
the  "  tilting  "  of  the  different  sorta  of  steel. 

Another  improvement  on  the  original  "  tennant-helve,"  wu  to  hft  ^  . 

helve  between  the  hMd  of  the  havw  ' 

and  the  pivots  on  which  it  woAed  (R(  ; 

'N^    ft) ,  an  advantage  being  thna  given  totta  ' 

hammerman,  which  the  tilt  also  f*  < 

sesses,  by  enabling  Itim  to  go  all  MOi  < 

the  end  of  faia  hammer.    Bnt  the  kit  | 

and  greatest    improvement    waa  Art  1 

known    to    the   trade    aa    the  "b^ 

helve  "  Fig.  0 ;  a  not  very  eni&aDiM  | 

Pi»-i-  name,    bnt  one   which,    indicatea  Ikt  1 

nature  of  the  tool.    It  was  lifted,  as  its  name  indicates,  nnder  the  bottta 

part    of    the    helve,  by 

means  of  a"  biay,"  which 

oould  be  lengthened 


ahortened    according    to 
thaaizeof  the/'pieoe"to 

be  aetad  jipon.     "With 

Bome  of  the  largest  siie  a  Ft*,  a. 

TeryefflMtnal  blowia  etmek  with  a  ^aoe  of  iron  of  fhnn  *  feet  to  4  M  <* 
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ter — the  "  helTs  "  being  nused,  and  the  "  bray  "  being  lengthened  in 
rtion.  This  hammer  also  peimita  the  hammeiman  to  go  completely 
his  hammer,  to  inspect  the  work  nnder  operation.  For  plaiia 
ay  work  it  ia  sot  Btupaased  in  efficiency,  even  by  the  direct-aeting 
-hammer.  It  is  of  Teiy  great  importanoe  that  the  fonndation  be  per- 
finn,  and  capable  of  resisting  the  force  of  Qie  blows  to  which  it  is 
;ted.  The  most  usual  way  of  seciiring  this  end,  ia  by  pUbing  under 
tvil-block — which  of  itself  is  a  very  masBive  caflting,  weighing,  with  the 
pon  which  it  rests,  from  twelve  to  fifteen  tons — a  considerable  mass  of 
r,       carefully 


d ;    nevertheless,  the  invention  has  been  of  immense  importance,  , 

aly  to  the  forge-masters,  but  in  many  other  branches  of  manafscture.  i 

team-hammer,  like  other  great  inTentions,  has  its  faults  as  well  as  ito  ■ 

I,    The  first  great  merit  of  the  steam-hammer  ia,  that  it  is  a  simple  \ 

-Bctiitg  machine,  dispensing  with  much  of  the  cnmbroua  wheel-work  ; 

•ed  with  the  old  helTSS.     It  takes  up  litUe  room,  and  requires  no  i 
jer,"  as  the  attendant  workman  is  called,  who  attends  to  the  hammer, 

vasenee  of  the  "  gaggei"  we  object  to,  not  so  much  on  account  of  the  ex-  . 

,  -which  ia  partly  connteibalauced.  in  the  case  of  the  steam-hammer,  I 
s  neoeesi^  of  employing  an  engineer ;  bnt  on  account  of  the  ahnost 
teabla  toitture  from  heat  which  the  "gagger"  has  to  endnre;  for  if  the 

"  is  not  inssried  nd  the  hammer  stopped  at  the  critioal  moment,  a  ; 
Ue  pieoe  of  woik  may  bs  damaged.    Another  of  tlLenw\^«&CM  (A '<^« 


■team-hainmer  is,  that  the  Uowcm  boTuiad  aaooKd^toflM  BBeoCflM 
" piece "imderopexatioii,  and  the fisea of  flia  Uflfwieqidnd.  Ihia  k  aot, 
practically,  anch  a  great  ad^aiitiga  aa  ni^fat  at  fnt  apgaag;  Int in  am& 
works  it  ia  of  comaidenJblA  importanaa.  Wa  iroold.  hommmt,  oonalfai 
rather  see  tiie  different  aizea  and  daaiea  of  mak  aflbalad  mdar  dtfiank 
sized  hammers— -with  hammers  peilMstlj  pnporttonad  la  aaoh  daasi^CiaB 
of  work.  Ezceptiiig  in  vezy  large  eataMiahmanta,  hamnrn,  wkam  Umb 
are  a  considerable  number  of  hamman  amplo!fed«  tbia  eaanot  ahnijB  U 
accomplished.  The  conseqnanae  ia  thai  tba  baimiir  is  vaed  man  aa  a 
squeezer,  frequently  crushing  the  iron  at  the  bead  inataad  of  dnwingjtima 
sound  manner  under  a  hammer  psroportiaiiad  to  ita  aise.  'Wbara  flia  imlii 
therefore,  are  not  extensive,  or  where  tba  number  of  bammeni  ia  limitid,  tti 
facility  of  regulating  the  nttcike  by  the  steam-bammar  k  an  Inipoctaiit  adtoh 
tage  in  many  descriptions  of  work.  Another  advantage  k»  that  flia  hammm 
is  always  working  parallel  with  tba  "  j^aoe"  ondar  qparation,  wbiab  k  mt 
the  case  with  the  old-fashioned  helves,  in  naing  wbioh  tba  hammaEnanbM 
to  resort  to  many  ingenious  plans,  such  as  employing  thinlrncian  pieces,  far 
overcoming  this  difficulty. 

The  hammerman  is  saved  a  great  deal  of  trouble  in  regulating  hia  tools,  bj 
using  the  steam-hammer.  "With  the  old-fashioned  helve,  almost  every  diflGnent 
heat  requires  an  alteration  of  the  tools  employed ;  with  the  steam-hammer 
there  is  no  necessity  for  any  such  change.  This  of  itself  is  a  considenJila 
advantage.  With  the  Nasmyth  hammer  he  is  also  enabled  to  work  on  eadi 
I  side  of  the  hammer,  as  it  can  be  placed  in  such  a  position  as  to  be  fi^^*'>'w'M^ 
I    on  both  sides. 

!  There  are,  however,  a  few  defects  even  in  this  beautiful  tool ;  and  the  fink 
!  which  presents  itself  to  our  mind  is,  that  the  same  quantity  of  steam  is  eon- 
sumed  in  striking  a  blow  of  one  foot  upon  a  piece,  say  of  three  feet  diametar, 
as  is  required  for  a  blow  of  three  feet  upon  a  piece  one  foot  diameter;  kt, 
the  stroke  of  the  hammer  being  fixed,  the  cylinder  takes  the  same  qnanii^ 
of  steam  in  lifting  the  hammer  the  last  foot  as  it  does  in  lifting  it  the  idiole 
of  the  stroke.  This  might,  no  doubt,  be  remedied  by  some  anangement  ftr 
raising  or  lowering  the  cylinder  according  to  the  height  of  the  "  piece  "  apea 
which  the  blow  is  to  be  struck,  which  would  be  somewhat  similar  to  tbe 
arrangement  in  operating  with  the  "beUyhelve,'*  already  described.  Anodier 
defect,  but  one  which  attempts  have  been  made  to  remedy  in  aome  modifieir 
tions  of  the  steam-hammer,  arises  from  the  difficulty  of  swinging  the  "  pieee" 
j  to  be  operated  upon,  from  the  furnace  to  the  hammer,  one  of  the  lega  of  the 
I  hammer  being  sometimes  in  the  way.  This  difficulty  mi^t  be  overooma  I17 
I  allowing  the  hammer  to  stand  upon  one  strong  leg,  which  would  in  maay 
cases  be  a  considerable  improvement.  We  have,  also,  a  great  olgeciioB  te 
the  amount  of  gearing  connected  with  the  working  of  the  valves.  They  an 
certainly  very  beautiful,  and  of  most  ingenious  construction ;  bat  in  all  fingnf 
tools  it  is  desirable  that  the  greatest  simplicity,  combined  with  tba  greaM 
strength,  should  always  be  the  first  consideration.  Arrangemanta  bava  htdf 
been  made,  we  believe,  for  dispensing  with  these  valves,  and  introdoengiB 
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ice  a  simple  balance-valve  capable  of  being  worked  with  great  ease, 
80  liable  to  get  out  of  order. 

have  thns  given  some  slight  description  of  the  different  hammers 
^d  in  a  forge.  It  has  not  been  our  intention  to  enter  into  very  minute 
upon  this  subject,  nor  to  advance  any  very  decided  opinion  as  to  the 
merits  of  the  different  implements ;  for  we  are  aware  that  opinions 
differ  upon  these  points.  The  improvements  that  have  taken  place 
iescription  of  tools  during  the  last  fifteen  years,  have  been  very  great ; 
are  prepared  to  witness  stUl  greater  developments  of  mechanical 
don  in  connection  with  this  branch  of  the  art. 

tulals. — ^We  now  propose  to  give  a  short  description  of  the  mate- 
nsumed  in  the  forge,  the  chief  of  which  are  the  coals  and  the  iron, 
considerable  importance  that  care  should  be  used  iu  the  selection  of 
I  for  the  manufacture  of  forgings,  as  great  difference  exists  in  this 
int  mineral,  some  being  very  much  more  suitable  for  tlie  manufacture 
hers.    The  best  for  the  purpose  is  a  strong,  dense,  durable  coal,  pos- 
a  good  body,  and  having  a  dull,  dirty  appearance.    Coal  wiUi  a 
ilean  look,  easily  broken,  as  a  general  rule  is  not  suitable.    Of  course 
arable  that  the  coal  should  be  as  free  from  sulphur  as  possible,  and 
^ould  not  contain  any  large  proportion  of  those  foreign  matters  which, 
an  affinity  for  iron,  fuse  on  the  bars  in  the  shape  of  clinkers, 
now  come  to  the  consideration  of  the  best  description  of  iron  for  this 
4;ture.     Scrap-iron  is  that  most  generally  used ;  but,  far  from  agreeing 
e  generally  received  opinion  that  it  is  the  best,  we  think  that  it  is  the 
3r8t  description  of  iron  for  the  purpose ;  and  for  more  reasons  than 
^gineers  usually  require,  in  their  contracts  with  the  forge-master, 
leir  forgmgs  shsdl  be  made  from  the  best  scrap  iron;  and  it  is,  of 
the  duty  of  the  forge-master  to  comply  with  the  terms  of  his  instruc- 
nd  contnuit.    Let  us  first  endeavour  to  see  how  this  almost  universal 
in  the  superiority  of  scrap-iron  has  arisen.    At  the  time  when  small 
:s  were  first  attempted  to  be  made  as  an  article  of  commerce,  the 
icture  of  English  iron  was  in  such  an  imperfect  state,  and  the  quality 
fferent,  that  lai^e  quantities  of  the  best  iron  had  to  be  imported  from 
Q  and  Russia,  and  for  a  long  time  the  scrap-iron  was  of  a  quality  that 
lot  be  approached  by  English  iron  of  the  period.     Since  that  time,  the 
Russian  and  Swedish  iron  has  been  almost  entirely  discontinued,  ex- 
>r  the  manufacture  of  steel ;  the  greater  part  of  the  scrap-iron  now 
«d,  therefore,  is  of  a  very  different  quality  to  that  formerly  known  as 
*rap-iron.    This  material  was  deservedly  considered  the  most  proper 
al  for  the  manufacture  of  forgings  that  could  then  be  procured ;  but  it 
)e  borne  in  mind  that,  at  the  date  we  speak  of,  the  forgings  were  so 
I  in  size  that  the  practical  evils  resulting  from  the  use  of  scrap-iron, 
we  axe  abo>at  to  explain,  were  not  so  perceptible. 
tiie  oxdiiiary  xumufiKsture  of  bar-iron  it  is  the  practice,  in  most  works, 
Bor  to  obtain  it  of  the  toughest  and  best  description,  to  work  and  le-woik 
oraltiBieBafer.    The  BiunberofworkingB  the  iron  undergoes  is  mttk«d  I 


»I8 
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by  tlieniim'ber  of  "best"  Btampsth  lit  it  bean,  «8"  beat,  beat  best,""  treble  bed,' 
Ac,  eiLch  "  beat"  indicating  a  better  quali^,  sn  extis  working,  and  with 
respondingly  higher  price.    Bat  (Mb  progreeatTe  imptorenient  has  its  linib, 
aa  will  be  peroeived.  from  a  aeries  of  experimsnts  wfaiob  were  institaled  I^lk 
vrilfr  with  the  object  of  testing  Qie  eorreotness  and  limits  of  this  iaqnrfr 

Tnking  a  quantity  of  ordiuoiy  fibrtma  pnddlod-iroti,  and  resorringaiiit 
marked  No.  1,  vepiM  a  portion  five  feet  hi^,  heated  and  tolled  Um 
mainder  into  two  ban  moricedNo.  X;  ^ain  reserving  two  aampleabomttt- 
centre  of  thesa  bars,  the  remainder  were  piled  as  before,  and  so  c     "    ' 
until  a  portion  of  the  iron  had  undergone  twelve  woridogs.    Tlie 
table  ahowB  the  tensile  atrain  whioh  each  number  bore : — 
No.  1  puddled  bar  43,W)4Uw. 
9  re-heated . .  Q2fi6i  ., 
MfiM  „ 


a7,3U  „ 
07.341  „ 
&1,104  ,. 
bl,0D8  „ 
43,»01  „ 


U 


It  mil  tbuB  be  Been  that  tbe  quality  of  the  iron  regolarjy  increiMd  npb 
No.  n  (the  slight  difference  of  No.  0  may  perhaps  be  attributed  to  the  »$ib^ 
being  slightly  defective) ;  and  that  from  No.  6  the  descent  n-as  in  a  am^ 
ratio  to  tbe  previous  increase.  From  these  experiments  it  appears  that  co^ 
iron,  or  any  other  iron,  highly  refined,  is  the  vety  worst  material  for  the  con- 
Btruction  of  Jorge  forginga  which  can  be  nsed;  and  that  if  we  take,  in  tbeflnl 
instojica,  a  stroog  fibroua  fresh-puddled  iron,  tbe  ordinary  workingB  reqaini 
in  tlie  process  of  forging  will  be  suJBcient  to  improve  it  to  the  average  Bni- 
mum  of  streiigtli  required ;  whereas  highly  refined  iron,  such  aa  LowmiMiS 
Bowling,  although  the  very  best  description  for  many  purposes,  baa  slnadT 
reached  the  highest  point  in  its  strength,  from  which  it  is  more  likely  to  be 
deteriorated  by  additional  workings. 

It  may  then  be  asked — how  can  ive  hope,  with  any  degree  of  anccesi.  Is 
manufactnre  large  forginga,  ivliich  require  to  be  worked  over  perhapa  a  seen 
of  tinicB,  each  working  beyond  a  given  number  tending  to  vitiate  the  amJ 
We  can  conceive  that  tliis  deterioration  does  not  penetrate  the  iron  to  uj 
great  depth ;  that  few  forgings  are  heated  more  than  aix  times  in  one  phM 
before  fresh  iron  is  added ;  and  that  the  various  layers  thus  succeasinly 
added  to  the  mnss  prot«ct  the  under  portion  from  the  deteriorating  influent* 
of  the  successive  heatings.  It  is  also  to  he  observed  that  any  crystallintiaD 
which  might  take  place,  commences  bam  tlie  outside  of  the  mass;  andtt 
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tills  is  the  portiou  wliich  is  most  immediately  acted  ux)ou  hy  tlic  bluws  of  the 
hammer,  the  fibre  is  elongated  in  a  greater  degree,  and  tlius  restored  to  its 
original  quality.  As  a  proof  of  this,  wo  may  instance  the  manufacture  of 
the  monster  gun,  which  was  built  up  in  seven  distinct  layers,  tho  forging  of 
which  took  seTen  weeks. 

At  the  meeting  of  tho  British  Association  at  Glasgow,  in  September,  ]8rj5, 

"  a  question  was  raised  in  the  mechanical  section  as  to  tlie  causes  of  tlie 

deterioration  of  the  metal  of  wliich  tlie  artillciy  of  the  present  day  was  con- 

stmcted.     On  this  question  a  long  and  interesting  discussion  ensued,  botli  in 

reference  to  the  comparative  weakness  of  cast-iron  as  now  produced,  and  tlie 

adaptation  of  forged  and  malleable  iron  as  being  stronger  and  better  adapted 

for  this  pw^>ose.  The  accounts  received  from  the  Baltic  and  ]31ack  Sea  of  tlie 

bursting  of  guns  and  mortars  of  recent  construction,  indicated  tliut  somethhig 

was  wrong.     Those  failures  gave  rise  to  conjectures  on  the  part  of  the 

Government  as  well  as  of  the  public ;  and,  in  order  to  trace  tlie  cause  of  tliis 

apparent  weakness  to  its  source,  an  inquiry  was  instituted  by  tlie  authorities 

at  Wool^dch ;  and  subsequently  the  Association  appointed  a  Committee  to 

co-operate  with  Her  Majesty's  Government  in  tlie  investigation  of  tliis  very 

important  question.    In  order  tliat  no  time  might  be  lost,  the  secretary  of  the 

1     section  ^"as  directed  to  issue  circulars  to  engineers,  iion- masters,  and  manu- 

i     bctnrcrs,  requesting  tliat    tliey  would  fonvard  to  tho  members  of   tlie 

I     Committee  such  opinions  and  observations  as  tlicy  deemed  adWsable,  in  re- 

I    gird  to  the  material  itself,  and  to  its  treatment  preimratory  to  tho  manufacture 

I    of  ordnance." 

I  It  is  to  be  regretted  that  these  circulars  were  not  made  more  general,  and 
I  tiiat  more  of  them  were  not  addressed  to  practical  forge-masters;  for  we 
I  observe,  among  the  replies  elicitated,  the  name  of  one  man  only  practically  and 
\  iitimatelj  connected  with  the  manufacture  of  lai-ge  masses  of  wrought-iron ; 
nd  Ida  reply  is  the  only  one  indicating  any  hope  of  success  in  the  ax)plication 
of  wrou^t-iron  for  ordnance  purposes.  All  tlie  other  writers  who  noticed 
vron^t-iron  at  all  (for  many  passed  it  by  without  tlie  slightest  attention)  most 
vnequTOcally  condemned  it,  and  came  to  tho  conclusion,  that  "  the  tendency 
to  crystallization  which  the  long- continued  heating  produces  is  such,  tliat 
powerful  ordnance  cannot  be  manufactured  advantageously  from  malleable 


mm." 


It  was,  perhaps,  fortunate  that  tlie  manufacturers  of  the  monster  gun 
were  not  aware  of  the  adverse  opinions  thus  pronomiced  against  wrought-iron 
for  ordnance ;  otherwise,  tliey  might  have  been  discouraged  in  their  attempt, 
and  what  must  now  be  considered  the  successful  manufacture  of  large 
wroa^t-iron  ordnance  might  have  been  postponed.  Tho  following  table 
of  the  tensile  strength  of  the  iron  before  it  entered  into  tlie  composition  of 
the  gun ;  of  the  iron  cut  from  it,  and  as  it  now  is  in  tlie  gun,  botli  transverse 
ind  longitudinal  to  the  grain ;  and  of  tlie  borings  from  tlie  gim,  worked  over 
tgain  in  difierent  ways, — tends  to  show  that,  so  far  from  deterioration  or 
crystallization  having  taken  place,  tho  metal  was  improved  by  its  long-con- 
tinned  heating  and  working : — 


\ 
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Experiment 

No.  1. 
No.  2. 
No.  3. 
No.  4. 
No.  5. 
No.  6. 
No.  7. 
No.  8. 
No.  9. 
No.  10. 
No.  11. 
No.  12. 


BfMkinc 
talBfail&h 


Description  of  Iron. 

Original  iron  of  which  the  gun  was  made  .  48*384 

Ditto                       ditto  .  50*624 

Cut  across  tho  g^in  from  muzile  of  gun  .  41*644 

Ditto                       ditto  .  43*004 

Ditto                       ditto  .  50*624 

Cut  with  tho  grain  from  mozslo  of  gun  .  48*384 

Ditto                      ditto  .  50-624 

Ditto                      ditto  .  52*864 

Borings  from  gun  worked  orer  with  ooal  .  60*584 

Ditto                      ditto  .  62*824 

Boring^s  from  gun  woricod  orer  with  ohareoal  76*584 

Swedish  iron  as  imported,  }  aq.   •  .  60*584 


4HN 


43-390 


50-634  111. 
til' 
61*704  |iL 
76-584  ik 
00-684     |k 


i 


From  the  above  experiments  it  will  be  seen  that  the  original  iraniitiito 
the  gun  was  of  no  extraoidinaiy  strength,  which  is  acoonntod  for  hj  ike  M 
that  it  was  designedly  selected,  in  consequence  of  the  experimenta  dM^ 
quoted,  from  what  is  commonly  known  as  **  No.  2  iron,"  or  iron  onee  mM 
over  from  the  puddling-process,  though  of  considerable  strength  and  bodt, 
and  commercially  called  *'  common  iron."  Tliis  iron,  after  seven  weeks'lMitt 
ing  and  shaping  into  n  gun,  was,  as  we  have  already  stated,  so  farfrombeiaK 
deteriorated  by  this  "  long  exposure  to  great  heat,"  as  to  be  actually  impnmi 
in  quality ;  for  wc  find  that  tho  average  of  the  trials  gives  an  increase  of  ts- 
silo  strcngtli  from  49*004  lbs.  per  square  inch  to  50-G241bs.,  both  trials  bong 
longitudinal  witli  tlie  fibre  or  grain  of  the  iron. 

The  strength  of  the  iron  acting  across  the  grain  can  hardly  be  regsideda 
of  much  importance,  although  it  exhibits  a  remarkable  amount  of  coheska. 
for  it  was  laid  in  the  direction  of  the  strain,  and  therefore  the  cut  transvo* 
to  the  grain  might  have  been  expected  to  possess  less  cohesion  in  thatdixMtka 
than  if  the  grain  had  been  placed  in  its  position  accidentally. 

If  we  foUow  this  question  further,  and  examine  the  residtof  woridngoni 
again  the  borings  from  this  forging,  we  find  that  the  tensile  strength  is  in- 
creased from  49*504  lbs.  per  square  inch  to  61*704  lbs.  when  treated  with eotei 
and  70*584  lbs.  when  worked  with  charcoal ;  and  we  think  with  results  8oA  v 
these — ^without  parallel  in  any  English  make  of  iron,  even  under  the  mostiivrotf- 
able  circumstances — we  may  be  allowed  to  assert  that  tlie  myth  cemmaatf 
called  "  crystallization  from  long  exposure  to  great  heats,"  does  not  app^^ 
the  fabrication  of  this  the  largest  forging  ever  made.  We  have  given  thtfe  k' 
tails  to  illustrate  and  enforce  the  preference  given  to  puddled-ironoverfonf' 
iron ;  but  there  is  anotlier  very  important  reason  why  scrap-iron  should  sot  ki 
used  for  the  manufacture  of  forgings — scrap-iron  is  composed  of  maiij^ 
ous  qualities  of  iron,  and  all  of  them  have  their  own  special  welding  po>B^ 
When  worked  together,  one  portion  that  is  less  refined  is  too  much  iMi^ 
and  consequently  deteriorated,  before  the  more  higlily-refined  portioosan'^ 
a  welding  heat ;  and  we  are  thus  placed  in  the  awkward  dilemma  of  ^^ 
burning  the  one,  or  of  being  unable  to  weld  the  other.  It  may  be  said  tfatt  f^ 
objection  is  a  mere  theoretical  one,  and  that,  practically,  no  such  diffinV 
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This,  however,  is  not  the  case,  for  the  difference  of  temperature  at 
pnddled-iron  and  a  highly-refined  iron  weld  is  very  considerable; 
gh,  from  the  difficulty  of  finding  a  really  good  pyrometer  for  these 
le  heats,  we  are  unable  to  give  exact  data  in  degrees.  If  any  proof 
equired  of  this,  which  is  a  matter  of  ever}'-day  economy,  it  is  only 
ary  to  inquire  into  the  heating  of  iron  for  our  rolling-mills.  It  is  a 
(tablished  fact,  that,  in  the  mixing  of  different  descriptions  of  iron  in 
ies  for  that  purpose,  the  hardest  and  most  refined  iron  is  alwa3'S  placed 
e,  and  the  puddled  or  common  iron  inside.  Were  a  contrary  practice 
3d,  and  puddled-iron  of  ordinary  quality  placed  at  tlic  outside,  and  the 
'•refined  or  scrap  placed  in  tlie  centre  of  tlie  pile,  tlie  outer  or  puddled- 
'ould  be  wasted  and  destroyed  before  the  inner  portion  was  sufficiently 
weld. 

e  may  also  call  attention  to  the  various  qualities  found  among  scrap- 
some  being  what  are  termed  "hot- short,"  and  others  **  cold-short."  We 
before  quoted  a  writer  on  the  subject  of  the  manufacture  of  wrought- 
br  ordnance,  who  has  stated  that  the  limit  has  been  reached  beyond 
.  forgings  cannot  be  made ;  assigning  reasons  for  those  limits  according 
own  ideas  and  experience,  the  principal  one  being  the  assumed  difficulty 
ting  such  large  masses.  Now,  if  we  take  strong  puddlediron  in  place  of 
scrap,"  which  has  hitherto  been  the  material  generally  used,  we  efiect, 
have  shown,  a  saving  of  say  about  20  per  cent,  in  the  heat  required 
te  soundly  the  various  slabs  or  portions  of  which  the  "piece"  is 
tsed ;  in  other  words,  by  this  simple  substitution  of  the  material  used, 
irease,  to  the  extent  of  about  20  per  cent,  the  supposititious  limits  of 
iter  firom  whom  we  have  quoted,  but  the  accuracy  of  whose  conclusions 
allenge. 

mnlketttve. — ^But  scrap-iron,  though,  as  we  have  endeavoured  to 
the  worst  for  our  purpose,  is  the  material  from  which  forgings  are 
lUy  made ;  and  we  must  say  a  word  or  two  as  to  its  preparation.  It  is 
Huy,  in  the  first  place,  that  the  small  pieces  of  scrap-iron  should 
go  a  cleaning  process.  For  this  purpose,  they  are  generally  placed  in  a 
dram  or  vessel,  which  is  caused  to  rotate  at  a  considerable  velocity  by 
Inery;  and  they  are  thus,  to  a  certain  extent,  freed  frt>m  oxide  and 
18  other  superficial  impurities,  that  would  otherwise  injure  the  material 
:ffng  purposes.  In  some  works,  where  large  quantities  of  scrap-iron  are 
med  for  ^is  and  other  purposes,  the  scrap  is  usually  carefully  selected ; 
lone  but  blue  and  dean  iron,  pure  as  when  it  came  from  the  manufac- 
■  hands,  is  permitted  to  be  used  for  forgings,  the  rusty  and  dirty  iron 
let  aside  for  conversion  to  more  common  purposes,  such  as  the  manu- 
«  of  "  bar-iron/' "  grate-bars,"  &c. 

tie  aemp-iron,  having  been  thus  cleaned  or  selected,  is  divided  into  lumps 
i8Mt  of  various  descriptions,  by  being  piled  in  quantities  generally  vary* 
tm  100  to  300  lbs.  in  weight  on  a  slate  or  tile.  These  piles  are  charged 
leviefberatuigfiiniace,  commonly  called  a  *'  heating^'  or  "  balling*' furnace. 
nmainiBg  abont  one  hour  and  a  qoarter,  they  are  suffidently  heated 'tA 
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be  forged  out  into  slabs  or  **  blooms."    The  piling  of  the  iron  is  an  operation 
requiring  considerable  slull  and  experience,  for  if  the  pile  is  not  solidly  pot 
together,  it  will  fall  down  in  the  fiimace,  and  perhaps  become  attached  to 
others.    About  ten  to  eighteen  of  these  piles,  according  to  their  size,  consti- 
tute a  charge  or  "  heat;"  and  a  good  workman  will  turn  out  six  charges  per 
day,  or  about  3  tons  10  cwt.  to  4  tons.    Larger  descriptions  of  slabs  are  used 
for  many  purposes ;  and  several  of  those  described  arc  again  piled  together, 
subjected  to  tlie  heating  process,  and  hammered  to  the  required  shape.    In 
some  forges  the  same  workman  *'  shingles"  or  hammers  liis  iron  from  the 
scmp-pilo,  and  heats  it  in  the  same  furnace  in  which  he  heats  his  foigings; 
but  this  is  by  no  means  a  judicious  arrangement   It  is  much  better,  espcdallf 
^^ith  large  work,  tliat  there  should  be  a  division  of  tliese  operations,  and  thai 
a  certain  number  of  men,  of  mferior  skill,  and  consequently  of  less  value, 
should  heat  and  *'  shingle"  the  iron  for  the  first  processes,  and  deliver  it  to 
the  more  highly-paid  and  skilful  hammerman  in  a  further  advanced  and  man 
convenient  shape.    There  is  another,  and  by  no  means  inconsiderable  advan- 
tage to  be  obtained  by  this  arrangement.   A  much  larger  amount  of  woxk  en 
bo  nccomplishcd  wiOi  tlie  same  mmiber  of  men  and  tools,  than  in  the  ease 
whore  the  two  classes  of  work  are  completed  by  one  workman.    These  slain 
vary  in  shape  and  size,  according  to  the  nature  of  the  work  for  which  diqr 
are  intended ;  and  are  deUvered  to  the  hammerman  accordingly. 

In  large  forgings,  each  particular  piece  requires  different  treatment,  acond- 
ing  to  the  shape  and.iise  for  wliicli  it  is  intended.  On  this  depends  the  qnea- 
tion  of  tlie  best  manner  of  making  it.  For  instance,  a  screw-shaft,  which  b 
subject  to  torsion,  requires  that  the  iron  should  be  put  together  in  a  manner 
very  different  from  the  mode  in  wliich  aci-ank  or  cross-head  is  prepared.  We 
^nll  take  the  case  of  shafts.  The  most  ancient  method  of  foi^ging  them  was  fo 
take  a  certain  number  of  slabs  or  plates  of  iron,  made  into  a  pile  thus  (ng-3); 
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Fig.  8.    End  View. 
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Fig.  S.    Front  Vkw. 


and  after  heating  them,  to  hammer  them  into  the  round  shape  xeqnired.  Ai 
it  soon  became  necessary  to  make  larger  shafts,  however,  and  as  this  pile 
could  not  conveniently  be  increased,  an  improvement  was  introduced,  which  I 
consisted  in  taking  a  pile  of  slabs  as  before,  and  drawing  a  portion  only  of  the 
mass  into  the  shape  required  (see  Fig.  4),  leaving  a  lump  on  the  end  on 
which  to  place  more  slabs  as  needed ;  tlien  drawing  a  little  more  at  A  to  tha 
required  shape,  adding  more  and  more  slabs  as  occasion  required.  Ihif 
method  is  still  practised  at  many  works,  and  with  considerable  success;  hat 


it  reqoiies  the  ntmoat  core  mid  circumspecUon,  both,  in  regard  to  workmtut- 
I  ship  and  mntgriala  Thu  IB  Uie  method  by  which  shafts  oro  geucrallj  made  in 
I   the  north  of  Engkiul  and  ScotUud,  and  in  America. 


Another  plan  is  to  lay  up  a  fuggot  of  Eqiioro  bars  sufficient  la  molie  the 
required  shaft  (Fig.  Q).  Tliia  ia  a  coiisidcrahle  improrcment  upon  tlio  Blab- 
plan,  thorc  being  much  less  i-iidt  of  foko  weldiugs  nnd  careless  n'orkmanship ; 
and  for  Ihia  reason,  when  slabs  arc  u.<icd,  if  tho  heat  has  not  been  sufficient 
to  give  a  perfect  weld  to  the  iron,  or  if  any  oxide  or  dirt  should  intrude,  the 
IkiT  or  defect  would  run  more  across  tlio  shaft  thau  iu  the  faggot,  where 
indeed  any  flaw  from  such  causes  would  ran  longitudinnlly  with  the  shaft, 
and  consequently  would  not  interfere  in  anything  liko  tlic  same  degree  tntli 
its  strength.  But  this  mctliod  also  requires  grcnt  care  and  attention ;  for  if 
the  faggot  of  square  hare  bo  made  too  large  at  one  heat,  tlit?  interior  of  tlic 
mass  cannot  be  sufficiently  heated  to  allow  of  tlie  iron  being  welded  at  the 
centre.  I  have  often  seen  broken.  Eteam-boat  shafts 
trbidi  have  never  been  united  at  all  at  the  heojt,  tite 
ban  from  which  it  was  made  being  in  Uie  same  shape  I 
and  state  as  wKeu  they  were  placed  in  the  faggot. 
To  avoid  this  great  evil  it  is  necessary  to  be  espe-  I 
cially  careful  not  to  pack  faggols  too  large  at  on 
but  to  malfc,  in  the  first  instance,  a  motlerato  sized  I 
on«,  which,  after  being  worked  perfectly  sound,  has 
■mother  layer  of  bars  pocked  round  it,  and  so  on  mth  ! 
fortliei  layers,  untU  the  necessary  size  is  attained 


He-  S.    Pronl  View. 

with  perfect  soundness.  Tlius  Fig.  C,  A  being  the  original  faggot  after  it  has 
been  made  sound  and  solid,  has  thuhors.  aa  shown,  packed  rouudit;  it  ia  then 
a^in  ItMted  and  hammered  into  the  required  sliapc. 

Tha  third  metliod  of  manufacturing  large  shafts  is  commenced  by  mak- 
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ing  B.  roiiiid  core  or  heart,  B,  wd  taking  ban  of  a  V  fonn  to  pftck  rcntnd  I 
it  (Fig.  T).     TluB  is  a  method  of  forging  railwaj  axles  whidi  is  freqnentlj 
adopted.    It  was  slao  the  method  sdtqited,  nitli  Boina 
r~]    I    (  .\    •  ']    variBtionB,  in  forging  the  monster  gna,  at  the  Menej  | 
1^  Ironworks.    InapreTionapogeiWebavegiTen thetennte 

L  ,         _j    strength  of  the  iron  before  it  n-as  forged  into  the  gon,  mi 

W)^  .  ^^_j  its  condition  after  undergoing  that  process ;  and  it  may  be  I 
^^^^^giU^P  BBtisfnctory  if  tregive  aomodetails  of  the  mannerinn-hidi  I 
mmimm    this  Inrge  forging  was  worked.  f 

Fig,  a.    Ead^iBir.         Wo  have  alrcadj  stated  that  it  was  bnilt  np  b  i 


fig.  6.    rronlMoiv. 

distinct  Inj-crs  or  slitha,  mid  tlint  tlie  forging  occupied  seven  -n-eets:  m 

\rill  tliia  time  Rpom  itnreasonoble,  when  its  dimensions  and  weight  u 

rcraomhored.     Tlie  ciiicf  pouits  to  be  considered  by  the  dcw'gnet  of  lb 

gun  were,  to  ohtoin  Boiiiid  weldings ;  to  place  tlie  iron,  nith  its  fibres,  in  fif 

proper  direction  for  resisting  tlic  most  acrere  strain  to 

which  it  could  bo  exposed ;  and  to  fake  cnro  that, 

whUc  working  one  part  of  tho  forging,  other  jwrtior 

were  not  wasted  imdcr  the  action  of  the  furnace,  by 

burning  or  cryatFilliKBlion.    Tlie  first  operation  was 

prepare  a  core  of  sititahle  dimensions,  and  nearly  the 

whole  length  of  tho  gun.    This  was  done  by  taking  a 

number  of  rolled  bars,  nhont  Bi.t  feet  in  Icngtli,  welding 

them  together,  and  drawiog  tliem  ont  until  Uie  proper 

length  was  obtained.     A  series  of  V-shaped  ban  were         tig.  1. 


Fig.  7.    rroBtllfir, 

now  packed  round  the  core,  the  whole  mass  heated  in  a  wyeAenleijb^ 
nace,  and  forged  under  the  brgest  belly.helre  hammer.     Another  Mi 
bars  were  now  packed  on,  and  the  mass  was  heated  again,  and  wo^ed  F^ 
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feeUj  sound.  Another  longitudinal  aerica  of  bnrs  were  still  required  over 
thenliole  length  of  the  forging,  which  were  added;'  ojid  the  moss  now  pre- 
sented a  fiirging  about  fifteen  feet  in  length  and  thirty-two  inches  in  diomeUr, 
bnt  requiring  to  be  angmented  to  forty-four  inchea  at  the  breach,  tapering 
down  to  twenty-seven  inches  at  the  muzzle.  This  was  accomplished  by 
two  layers  of  iron,  placed  in  such  a  manner  as  to  resemble  hoops,  laid  at 
ri^t  angles  to  the  axis  of  the  mass ;  and,  niter  two  more  heatings  and 
careful  welding,  the  forging  of  the  gtin  was  completed.  Attar  each  important 
addition,  a  "  securing"  heat  was  given  to  prevent  flaws.  It  would  be  foreign 
to  our  purpose  here  to  deal  with  this  implement  otherwise  than  as  a  maas  of 
forged  iron;  its  dimcnaiona,  as  given  by Cav^^Vandalcur  in  his  report,  arc 

Fl.    Iiw. 

Length 15  II) 

Diameter  at  base 3  l\ 

Diameter  at  muzzle    ....  2  3^ 

Diameter  at  trunnioua     ...  3  SJ 

Length  of  bore 13  4 

Diameter  of  bore 0  1 305 

Its  present  wei^t  is  91  tons,  ITcwt.  1  qr.  14  lbs. ;  the  original  weight,  before 
braing,  was  2[>  tons.  The  furnace  employed  was  a  revcrberatory  one ;  and 
the  hammer,  as  we  have  seen,  was  the  great  belly-helve  tilt-hammer,  weighing 
10  tons.  Aa  already  intimated,  the  iron  bored  out  of  the  giin  waa  tough, 
(onnd,  and  perfectly  homogeneous,  some  of  the  boringa  bc;ing  curled  like  a 
mtch^pring  seven  times  round;  and,  when  worked  up  again,  it  bore  the 
tgvt  applied  to  prove  its  streDgth,  as  reported  at  page  330 ;  and  Messrs. 
HoiREdl  hsTS  the  satisfaction  of  having  produced  a  forging,  which  the  scicu- 
tifie  world  had  hitherto  deemed  impracticable. 

Shfift*  liave  sometinies  been  mode  after  another  method,  which  we 
consider  very  injudicious.  Many  speciineus  of  this  modo 
of  maouiiuture  have  come  uiidur  the  notice  of  the  writer 
in  the  shape  of  broken  shafts,  where  tho  unsoundncas,  arising 
from  the  method  of  working  adopted,  has  been  so  great  as  to 
make  it  a  matter  of  surprise  that  the  shaft  had  done  any 
duty  at  all. 
'Xhe  method  in  question  was  to  forge  four  large  square  bars, 
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pnpwfioMd,  of  flonne,  to  the  size  of  the  shaft  required ;  packing  them 
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together  (Fig.  H).    This  faggot  was  of  Bach  immense  size,  that  the  fnnacc 
aiul  liammcr  employed  were  altogether  instifficient  to  produce  aonnd  ircaik; 
as  a  necessary  consequence,  when  the  shafts  so  made  were 
hroken,  the  fracture  had  an  appearance  similar  to 'Fig.  9,     ^KW^    1 
heing  only  welded  on  tlie  circumference ;  while  the  fonr  fis- 
sures at  the  centre  were  sufficient,  in  many  cases,  to  receive  a 
man's  hand,  while  a  rod  of  iron  could  be  inserted  from  one 
end  to  the  other.  ^   ^ 

-  Grystallixation* — ^A  great  deal  has  been  said  and  written 
with  reference  to  a  supposed  deterioration,  or,  as  it  has  been  called, "  cxystil-  , 
lization,"  of  iron,  when  rolled  in  large  masses,  from  long-continued  andfreqacDi  .' 
licatings ;  it  has  also  been  asserted  that  tlic  iron,  while  lying  in  the  fnniace,  | 
is  continually  attracting  carbon  from  the  grate,  untQ,  in  course  of  time,  it  be-  • 
comes  carburottod,  that  is,  reconverted  into  pig-iron.  When  this  theoiy  ws 
first  propounded,  the  writer  dotemiined  to  test  its  accuracy ;  and  that  in  the 
presence  of  the  gentlemen  by  whom  it  had  been  promulgated.  A  small  knob, 
or  corniT,  was  accordingly  detached  from  a  largo  forging  which  had  been 
ovcr-licated,  ur  burnt ;  it  broke  oil"  with  a  largo  lialcy  ax)X)earance  very  siui- 
liir  to  some  descriptions  of  load  ore.  This  was  pronoiuiced  to  be  Terr 
similar  in  its  nature  lo  c:ist  iron,  and  in  tlic  so-called  ciTstallized  state.  Vrv^ 
ccoding  to  the  smiths'  dopnrtment,  the  iron  was  heated  in  the  fire,  fliul 
drawn  dovm  to  about  three  times  its  original  length.  It  worked  well  imiiei 
the  hammer ;  and  when  broken  again  in  the  usual  way,  was  as  beantifuily 
fibrous  as  the  iron  from  which  it  was  originally  made.  This  expcrimeut  led 
to  the  conclusion,  that  the  iron  (ictxid  upon  was  very  different  in  its  nahirt 
from  cast  ii'on,  and  certaiiil}'  failed  in  sustaining  the  crystallization  tbcorr. 

It  may  bo  well,  however,  in  tlie  fii-st  place,  to  consider  what  is  the  mean- 
ing attached  to  this  term — **  Crystallization."  It  has  been  generally  used  to 
signify  that  the  structure  or  composition  of  the  iron  has  entirely  changed  it^ 
chai*actcr  and  assumed  a  new  fonn.  Mr.  Mallet,  in  his  work  before  quoted 
(page  110),  thus  describes  this  change: — 

'*  With  the  same  iron  and  the  same  volume  of  forging,  liowever,  the  size 
of  the  crystals  aj^pcars  to  be  larger  and  more  developed  in  x)roportion  to  ihe 
time  that  the  mass  is  maintained  hot  and  in  i">rocess  of  forging.  This  time  is 
necessarily  gi*eator  as  the  mass  is  so ;  and  as  the  operation  of  reducing  it  to  the 
required  fonn  is  more  complex  or  laborious.  In  fact,  as  in  cast-iron,  we  saw 
that  the  crystals  were  larger  the  longer  the  mass  required  to  cool ;  so  in  wronght- 
iron,  they  are  larger  the  longer  the  mass  is  kept  hot :  and  tlius  it  hapi>eEe 
that  in  very  large  and  massive  forgings,  requiring  often  to  bo  maintained  per- 
haps for  weeks,  at  temperatures  varying  from  welding-heat  down  to  dull  redness, 
crj'stals  are  developed  witliin  the  mass  of  a  size  tending  materially  to  dimimsb, 
in  some  places,  the  average  cohesion  of  tlie  iron,  where  their  planes  of  cleaT- 
ago  produce  partitd  planes  of  weakness.  The  size  of  these  crystals  is  occa- 
sionally surprising ;  tlie  broadest  and  flattest  planes  of  cleavage  freqaentir 
nmning  in  the  direction  in  which  surfaces  of  tlie  integrant  slabs,  or  portions 
of  iron  of  which  the  moss  "has  Vificti  iotmed,  have  been  welded  together.  Hi* 
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iitlior  has  bbsezred  crystals  to  deposit  flat  planes  as  large  as  the  sui-face  of 
half-crown  piece  in  foigiugs  under  seven  tons  weight." 

We  have  Uttle  doubt  that  in  many  instances  this  statement  is  perfectly 
>rrect ;  we,  however,  at  the  same  time  declare  our  belief  that  cases  arc 
ifeired  to  where  the  greatest  carelessness  and  inattention  uu  tlie  part  of  tli^. 
orkmen  have  been  exhibited.  We  think,  moreover,  that  some  experiments 
hich  have  taken  place,  and  others  which  are  still  making,  under  the  direction 
f  Mr.  Mallet,  will  induce  him  to  alter  liis  opinion  on  this  point.  To  one 
r  these  wo  may  here  allude  in  support  of  this  view :  a  samx)lo  bar  has 
sen  planed  out  of  the  body  of  a  large  wrought  iron  mortal'  piece  made  for 
im,  and  the  sample  shows  a  highly  fibrous  development,  very  different  in 
ppearance  from  the  specimens  described  by  Mr.  Mallet  in  tlic  above  extract — 
description,  be  it  observed,  which  may  be  at  any  time  observed  in  a  forge 
n  examining  a  piece  of  burnt  iron,  or  in  an  exposed  comer  which  has  been 
objected  to  very  great  but  not  necessaril}'  continued  heat. 

It  seems  to  us  tliat  all  wrought-iron  is,  more  or  less,  crystalline  in  its 
bmcture ;  and  that  the  difference  between  what  we  call  librous  and  cr^'stal- 
zed  ii'on  only  consists  in  the  degree  of  fineness  in  the  crystals,  and  perhaps 
1  the  manner  in  which  tliey  are  Liid  together ;  the  presence,  also,  of  foreign 
latter,  such  as  siUcon,  in  some  form,  may  also  have  its  influence.  What 
ver  tlio  cause  may  be,  however,  it  is  known  that  a  piece  of  good  fibrous 
:on  will  break,  under  tlie  smith's  hammer,  with  a  long  silky  appearance ; 

suddenly  fractured  by  an  irresistible  blow,  the  same  piece  of  iron  will 
reak  crystalline,  but  tlie  crystals  will  be  very  fine  and  close,  and  of  a  good 
3lour. 

In  some  experiments  made  at  Woolwich,  in  the  year  1812,  to  test  tlie 
DTect  of  shot  against  wTought-iron  plates,  and  determine  whetlier  wrought- 
"ou  was  a  suitable  material  for  sliips  of  war,  it  was  fomid  tliat  tlie  toughest 
nd  most  fibrous  plate-iron,  when  stiiick  by  shot,  was  instantaneously  crys- 
dhzed ;  while  the  pieces  struck  out  were  so  hot,  that  the  fragments,  even 
fter  passing  a  considerable  distance  tlirough  the  air,  could  not  be  handled 
ith  tlie  naked  hand ;  in  many  cases  the  hticture  had  Uiat  blue  appearance, 
'hich  is  indicative  of  considerable  heat. 

A  C8-pounder  wrought-iron  gun  burst  with  tlie  first  charge  at  Woolwich, 
a  the  12th  of  July,  l^oO ;  on  examination,  the  iron  was  pronounced  to  be 
rystallized,  and  ite  nature  changed,  by  long  exposure  to  great  heat.  This 
rystallino  appearance  was,  most  probably,  the  result  of  tlio  very  sudden 
ascription,  as  in  the  experiments  with  the  kon  plates ;  and,  according  to  our 
lew  of  the  case,  is  traceable  to  bad  workmansliip.  A  considerable  portion  of 
le  bars  of  which  the  forging  was  composed  had  never  been  welded  at  all ;  and 
0  doubt  the  fracture  commenced  witli  these  false  weldings.  The  cr^'stallino 
ppearance,  where  the  iron  was  torn  from  the  sohd  mass,  arose,  at  any  rule, 
» a  great  extent,  from  the  sudden  fracture.  Other  causes,  no  doubt,  assisted ; 
nong  which  the  selection  of  iron  too  highly-refined  may  bo  uicluded.  From 
08  dystalline  appearance,  the  authorities  of  the  Ordnance  Department 
nvcd  at  the  conclusion,  that  large  masses  of  iron,  from  long- continued 
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Iiniliii^,  have  a  tt.ndezicv  to  crystallize,  and  lose  the  properties  peculitrto 

wrmt^Oit  irriii.    Actlni?  on  this  hypothesis,  they  put  a  stop  to  what  were  called 

"  NiiijiiytirH  oxpf-rimeuts"  at  I^tricroft.  pronouncing  the  manufacture  of  a 

wmnrlit  iniii  rriin  of  lar^e  size  impossible — a  theory  which  the  successfbl 

iiiitiiiiliirinri;  of  a  niuc]i  larger  piece  has  since  practicaUy  shown  to  be  incoziecL 

\'i  un  luivn  lifforu  s1lo^\'n,  a  bar  of  iron,  i>lancd  transversely  from  a  piece  cat 

nil  llio  01x1  of  till)  ^un,  broke  Avitli  a  fibrous  texture,  and  with  a  veiy  slight 

<i'u.liMir\  to  frvstulli/ntion ;  and  that  crystal  by  no  means  of  a  large  character. 

1  III  4  ■;  \\\\\A\}  liuil  lu'vor  been  treated  or  altered  in  the  slightest  degree  since  it  was 

,111  .>•)  {\w  ^:iin.  uiul  it  would  be  pronounced  *'  excellent  best  iron."    A  portion 

>!  \h\i  ^\  iH  aili-rwanls  rolled  down  to  thrce-eightlis  of  an  inch  round  bar-iron, 

\>>  1  I*  ^^  vs  Iviii  «'v>M  iu  all  A\'ays  >nthout  giN^ng  way  in  the  sUghtest  degree. 

1 1  n  t  V  :  t  <ui<  onilouvoured  to  explain  the  meaning  of  the  term  "  ciystalliza- 
ii  "'     !,-{  u<i  n«'\^  ondoavour  to  trace  the  causes  which  produce  this  result 

V^w  «-l):in.i:o  ill  the  structure  of  the  mass  of  iron,  when  it  occurs  during 
\Ux^  ywwy'iin  of  hoatiu};.  is  usually  proiluced  from  tlie  furnace  being  ur^ 
i.*  i\  mui'h  ^oater  heat  than  is  necessary*  for  welding  the  iron;  in  foct, 
i\w  ,'titside  lirst,  aii<l,  if  tlio  heat  l>e  not  checked,  the  whole  of  the  mass,  is 
iv.huvd  to  a  pasty  or  partially  lluid  couilition.  The  structure  of  tlie  iron  is  thns 
cuiinly  cliaii^t'd ;  niid  iu  the  process  of  cooling  the  mass,  crystallization  takes 
(tliu'o  in  tlic  KiiiiH'  iiiiiiiiKT  iiK  with  otlu-r  substances  which  crystallize  in  passing 
fvom  the  fluid  in  t  Ur  sdlid  Ktato.  Under  these  circumstances,  tlie  iron  may  be 
ihjun'd — in  otlnr  wnnls,  it  may  be  burned:  but  we  are  not  to  suppose  Uiat 
rtui-li  a  n-'Mult  iH  cithrr  inevitable  or  by  any  means  common ;  on  the  contrary, 
Iho  heal  ni'cr:,.siirv  lo  j»rodiico  the  evil  is  with  difficulty  obtained  in  our  ordi- 
nary fiirinnTM.  niulrr  the  most  favourable  circumstances. 

Sonio  years  ii^'o  Ww  experiment  was  tried  at  the  Mersey  Steel  Works  of 
fiisinj?  wroii;,'!it  iron,  with  the  idea  of  casting  it  into  such  shapes  as  "  cranks," 
" iTosshcads,"  and  other  forms  required  by  engineers.  Tliey  succeeded pCT- 
fei-tly  in  obtaiiiiii;;  excclh'ut  castings;  but'it  was  found  that  the  deterioration 
of  the  structure  of  tlio  iron  in  passing  from  tlie  fluid  to  tlic  soUd  state  iras 
such,  that  the  work  j)r()duced  had  little  more  strength  tlian  ordinary  cast- 
iron.  Of  course,  the  manufarturc  was  at  once  given  up.  But  in  tlie  appwu^ 
auco  t)f  the  fratrturo  of  tlie  inj^'ots  rcsidting  from  Mr.  Bessemer's  experiments 
at  13 axtcr-liouse,  there  was  a  pjreat  similarit}-  between  it  and  the  results  ob- 
tained in  mcltin;^  scrap  wrought-irou. 

Mr.  Mallet,  in  his  work  ^NoteB,pagc  251),  says : — "Late  experience  lias 
shown  mo  that  in  very  large  cylindrical  masses  of  forged  ^vrought-iron  \tje. 
of  tlirco  feet  diameter  and  upwards),  amongst  the  other  abnormal  drcnm- 
stances  involved  in  tlicir  production,  is  tliat  of  then:  frequently  rending  or 
tearing  internally  in  planes  nearly  parallel  with,  and  about  the  axis,  thongh 
not  always  in  it,  presenting  a  character  similar  to  those  described  in  section 
217;  Uie  caiLsc  appears  to  be,  that  in  tlie  progress  of  cooling  such  a  masstlia 
exterior  cools  first  and  becomes  rigid,  while  the  internal  portions  are  still  red 
hot  and  soft.  The  external  parts  contract  as  tliey  cool,  but  tliey  already 
grau^n  perfect  contact,  tlic  still  hot  interior ;  tlie  exterior  tlierefore  cannot 
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JaOf,  but  becamefl  solid  imder  coustraint  circnmferenlially,  partly 
aided  in  Tirtae  of  its  compressing  the  still  hot  and  soft  interior. 
r  at  length  also  becomes  cold  and  rigid ;  but  its  contraction  is  now 
y  the  rigid  arch  of  the  exterior  nilh  which  it  is  suironnded.  The 
in  of  the  interior,  tlicreforc,  ia  hmited  to  taking  place  radiaUj  oat- 
m  the  centre;  and  thus  the  mass  rends  itself  asunder  in  some  one  o 
les  parallel  to  the  axis  of  the  cylinder. 

,  oylindric  roaaa  of  foiled  iron,  varj"iiig  from  21  to  ^0  iiicUea  ii 
rents  of  1^  inches  in  width  across 
!r  wore  found,  with  jagged  coun- 
irfitces  clearly  torn  asunder,  and 
s  of  an  inch  apart  at  the  widest  or 
iit ;    the  fact  ia  most  iustructiTc 

I  enormous  internal  strains  that 
t  from  like  causes  in  cast  iron  guns 

ve  a.  sketch  (Fig.  10)  of  the  form 
i^ing.  showing  the  faults  or  "  fia- 
Lt  were  found  in  it,  and  which  no 
It  place  from  contraction  after  tlie 
left  the  hammermsu's  handa  per- 
nd. 

the  forgmg  was  cooling  the  part 
of  coarse  cool  first  end  as  there 
reat  difierentaal  diameter  between 
,  the  diScrential  contraction  ii  as 
er  tlian  the  elasticity  of  tlie  ma 
rmitted    but  the  sudden  and  great 

in  the  diameters  B  and  A  caiiswl 
ig  at  B  to  bo  comparab\e]y  cool 
9  forging  at  A  ha<l  very  consider 
,  the  ports  of  the  foi^ng  at  B  and 
nearly  cold,  became  ri^'id  and  un 

constituting  a  very  stronj;  arch, 
orented  the  forging  from  contract 

s  forging  had  been  of  one  uniform 

II  shape,  these  fissores  would  not 
gn  place,  as  the  contraction  would 
1  uniform  throngfaont ;  at  the  same 
conducting  power  of  iron  is  suffi 
illow  of  tlie  heat  passing  from  tlie 
o  the  outside  with  sufficient  re- 

proTent  any  fissure  or  nnsonndnesB  taking  place  in  the  forging. 
[■net  proceeds  to  say — "  It  is  probably  from  this  cause  that  more  or 
wness  is  found  in  the  centre  of  almost  every  Inr^  toT^vi'i,.  V5"»i«  \ 
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iu  proportion  as  tho  forging  ia  lazger.  The  diffiooUy  is  one^not  cuQy  onr- 
come.  Veiy  slow,  and,  as  far  as  possilile,  nnifbrm  cooliiig  of  the  wbok  bib 
in  an  annealing  oven,  suggests  itself  as  one  lemedj ;  bat  this  has  diwdm 
tagcs  in  enlarging  tho  crystalline  development  of  the  metalt  or  jftmiHa^ 
a  central  cylindrical  opening,  so  as  to  cool  the  drcomferenee  and  tiie  catu 
togetlier." 

Here,  at  last,  we  come  to  a  tangible  danger  to  be  feared  in  the  naim&e 
turc  of  largo  forgings,  provided  that  due  care  and  attention  be  not  paid  to  its 
proper  manipulation.  But  this  danger  is  also  ^wTnufion  to  fttntingi,  ben;; 
created  not  by  equal,  but  by  differential  contractioin.  There  is  nothing  ■» 
to  be  dreaded  in  casting  metals  of  any  sort*  but  more  espedalfythoMik 
whicli  tho  contraction  is  great,  than  that  any  part  of  the  casting  shonUlK 
suddenly  reduced  or  increased  in  size.  When  this  is  the  case,  whit  tk 
founders  call "  a  draw  "  evidently  takes  place ;  and  the  same  result  is  obMmQ 
in  large  forgings,  from  Uio  cooling  of  the  smaller  portions  before  the  kiger. 
In  sue] I  a  case  as  this,  let  ns  follow  the  practice  of  the  flngmom'  and  firante, 
who,  from  experience  and  long  practice,  discourage  such  shapes  as  are  faoA 
impracticable,  aud  lunke  such  modifications  in  their  plans  as  shall  do  aw 
witli  these  dilVorential  results. 

"SVhilst  Mr.  Mallet'H  work  was  passing  through  the  press,  and  withont  bst 
commuiiioatiou  from  him,  tlic  maker  of  the  forgings  he  mentions,  after  thiev 
failures,  overcame  the  difliculty  in  the  manner  proposed ;  viz.  by  making  a 
cylindrical  opening  in  tho  centre,  which  allowed  the  interior  of  the  fbrgiEgs 
to  cool  as  rapidly  as  tho  external  ring,  and  which  permitted  the  ncccsiiUT' 
contraction  without  producing  fissures.  To  endeavour  to  overcome  the  di£- 
culties  incident  to  on  impoi-tant  manufacture,  which  is  still  in  its  inluter. 
appears  to  be  much  preferable  to  the  theory  and  maxims  of  the  **  How-notio- 
do-it "  school,  who  would  sit  quietly  down  imder  a  difficulty  without  attempt  , 
ing  to  r(»movo  it.  \ 

In  the  Ilt^port,  made  by  a  Committee  of  the  Franklin  Institute,  on  the 
bursting  of  the  An'ought-iron  gun  on  board  tho  United  States'  steam-fiigit^ 
**  IMnceton,"  the  foflo'vnng  facts  were  ehcited  : — 

'*  1.  The  iron  of  which  the  gim  was  piincipally  mado  ^vos  capable  of  being  j 
rendered  of  a  good  quality  by  sufficient  working.  j 

**  H.  From  the  state  in  wliich  tho  iron  was  put  into  the  gran,  it  was  not  in  t  ^ 
proper  condition  for  tho  purpose  to  wliich  it  was  applied.  j 

*'  '3.  Tho  metnl,  as  it  existed  in  the  gun,  was  decidedly  bad.  ! 

*'  4.  As  to  the  manufacture  of  the  gim,  the  welding  was  imperfect 

"  These  facts  relate  exclusively  to  the  gun  submitted  to  the  oxaminntionoi  ; 
the  committee,  and  they  are  derived  from  immediate  experiments  and  obser- 
vation. But  besides  giving  these  to  tho  pubUc,  the  committee  felt  themselves 
bound  to  express  tlie  opinion,  tliat  in  the  present  state  of  the  arts  the  use  of 
wrought-iron  guns  of  large  cahbre,  made  on  the  same  plan  as  the  gun  no^ 
luider  examination,  ought  to  be  abandoned  for  the  following  reasons  :— 

"  1.  The  practical  difficulty,  if  not  impossibility,  of  welding  such  altfl^ 
mass  of  iron,  so  as  to  insure  perfect  soundness  and  oniformity  throagbonL 
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*'  2.  The  imcertaiuty  that  will  always  prevail  iu  regai'd  to  iuipori'ectious  in 
lie  welding.    And 

'*  3.  From  the  fact  that  iron  decreases  in  strength  from  long  exposure  to 
lie  intense  heat  necessary  in  maldng  a  gun  of  this  size,  witliout  a  possibility* 
f  restoring  the  fibre  by  hammering  witli  tlie  hammer  at  present  in  use  in  this 
onntry.  At  the  same  time  tlie  committee  would  not  wish  to  be  understood 
8  expressing  any  opinion  whctlier  the  construction  of  a  safe  wrought-iron 
nn  upon  some  other  plan  is  practicable  or  otherwise,  in  the  present  state  of 
iie  arts,  inasmuch  as  this  subject  has  not  been  referred  to  tliem  by  tlie 
>eiMutment." 

We  are  sorry  that  "Mr.  Mallet  thinks  it  necessary  to  add  to  this  Beport, 
rhich  he  quotes  at  length  in  his  valuable  work  on  the  **  Construction  of 
jrtiUery,"  the  following  remarks : — 

"  Nothing  can  more  strikingly  show  tlie  deteriomting  effect  of  forging  in 
urge  masses  (however  done)  upon  the  tenacity  of  WTOught-iron,  tliau  the  fact 
f  the  preceding  Report,  nor  the  uncertainty  of  the  process  as  respects  weld- 
ig.  That  the  latter  difficulty  may  be  greatly  mitigated  (though  it  cannot  be 
smored)  by  pre-eminent  skill  on  the  part  of  the  hammerman,  is  proved  by 
18  snccess  of  the  Mersey  Steel  Company  in  the  duphcate  perfected  by  them 
r  the  gun  which  failed  for  the  '*  Princeton,"  and  still  more  iu  the  stupendous 
nd  apparently  perfect  forging  they  have  now  almost  finished  into  a  gun  for 
16  Government,  no  doubt  by  fieir  the  largest  ever  made  in  one  piece,  being 
3f-  feet  length  of  chase,  18  inches  calibre,  14  or  15  inches  Uiick  at  the 
liarge,  and  about  0  inches  at  the  muzzle,  a  sohd  shot  of  which  will  weigh 
DO  lbs."  Mr.  Mallet  thus  gives  the  weight  of  his  autliority  (for  wliich  we 
atertain  the  greatest  respect)  to  sentiments  which,  in  our  opinion,  hardly 
eed  any  further  refutation  than  the  facts  which  he  himself  mentious. 

The  several  failures  in  the  manufacture  of  wrough^iron  guns  should  not 
3  a  matter  of  surprise ;  for  it  is  hardly  reasonable  to  expect  immediate 
iccess  in  any  new  fabrication.  How  many  failures,  it  might  be  asked, 
penned  before  castiron  gims  were  brought  to  the  comparative  perfection 
ley  have  now  reached?  AVhen  we  consider  tliat  an  attempt  has  been  suc- 
s»liilly  made  to  construct  two  of  the  largest  guns  ever  attempted  of  wrought 
on,  without  having  had  any  failure  to  record,  we  think  it  hardly  probable 
lat  fiedlore  should  occur  where  sufficient  skill  in  workmanship  is  used,  and 
ith  it  added  experience.  It  would,  indeed,  be  somewhat  stitinge,  if,  with 
iditional  experience,  less  successful  results  were  to  be  obtained  than  in  the 
rst  comparatively  novel  experiments. 

One  of  the  most  common  forms  of  real  crystallization  results  from  what 
technically  called  "  hammer-hardening."  In  the  year  1854,  at  the  meeting 
r  the  British  Association  in  Liverpool,  a  paper  was  read  by  the  writer  of 
lis  article  on  the  subject  of  crystallization  of  iron  under  certain  circum- 
ianees.  He  selected  a  piece  of  good,  tough,  fibrous  bar-iron,  which  he 
ssted  by  treatiDg  in  the  usual  manner.  He  then  heated  it  to  a  full  red- heat, 
nd  hammered  it  by  light,  rapid,  tapping  blows,  until  it  was  what  is  called 
black-cold."    After  it  was  allowed  to  cool,  he  again  bxokfi  it,  «sA  i^'^oa^^  \ 
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that  tbo  sHuotate  of  the  iron  \raa  aOMfy  changed 

bendmg  nearly  double  without  fraetnn,  and,  when  tlis 

bieoldng  iiitb  a  £no,  eilky  fibre ;  an  enlin  altaraliQn  bi 

tho  bu  was  of  s  rigid,  brittle,  aonocona  ehanolart  toci^ith  <f  hmia^ 

1  the  slightest  degree,  bnt  breaking  with  s  gla— 7,  wjrtalliwil  ^ 
By  Bimply  heating  tiio  bar  to  Ute  eama  nUtmt  again.  &•  fltan  w 
exactly  oa  before.  This  olumge  in  Uie  ataietan  of  imn  has  ' 
railway  axles  and  chaioB ;  and  in  balieTe  that  it  b  now  nnatnaaiT.  iaMH 
manu&ctaries,  to  anneal  saebartiiBlea  aa  aa  ei^aaed  to  aajjaroc] 
regular  periods,  and  with  a  beaefirial  nanlt.  How  fliia  a^ita 
particularly  la  be  dreaded  in  fingin^  tea,  nnlaaa  gnat  can  k 
error  of  "  hammer-hardening"  irill  often  take  place  aomethan 
vanity  of  the  forge-mui,  who  is  naturally  daaironB  to  turn  out  a  jatUf^ 
fiuislied  forging;  at  other  times,  a«  ia  more  generally  tba  eaae,AMtl 
requisition  of  tiie  engineer,  who,  without  thinking  of  the  lesnlt,  " 
hara  liis  forging  delivered  to  him  as  nearly  aa  poeaible  to  (he  finisbedBM; 
and  when,  as  ia  often  the  ease,  a  Teiy  small  allowance 
between  the  forged  and  finished  dimenBions.  the  forge-man  is  onda  tta 
neceasity  of  worl^g  his  iron  much  colder  than  is  consistent  with  a  doe  Kgni 
to  strength.  It  is  very  tnio  that  some  forge-men  'nill  work  much  UMRtb 
I  sizes  given  them  than  others,  and  Blill  avoid  the  dsngerons  eiitf  ' 
cold-hammering ;  but  when  certain  dimensions  are  a  liiu  qua  mum,  islax 
workmen,  to  keep  anywhere  near  the  mark,  must  "  cold-hammer"  their  *x>d; 

or  none  but  a.  firstrate  workman,  and  one  who  has  every  coulldeiice  in  ^ 

)wn  powers,  dare  bring  his  iron  down  to  the  required  size  at  a  full  beat 
Some  engineers,  sjid  we  have  known  instances  among  the  most  waaai, 

n  ordering  tlieir  forgings,  have  made  the  remark — "Pray  take  caieDotU 
finish  the  work  too  cold,  for  we  do  not  care  for  a  fine  polish  to  oar  for^np;' 
and  this  language  we  would  otge  all  engineers  to  nae.  Such  an  instrnetia 
shows  a  true  appreciation  of  the  danger  of  cold-hammering,  and  a  knovk^' 
of  this  craft,  which  it  ia  the  object  of  this  work  to  convey  to  all.    Bat  vi^ 

e  have  a  very  strong  objection  to  cold-hammered  forginge,  we  shonU  k 
sorry  to  ba  understood  as  encours^g  that  slovenly  description  of  farpii- 
which  leaves  tlie  piecea  so  clumsy  and  unsightly  as  to  require  men  tkn 
a  necessary  amount  of  cutting  or  turning.  This  is  an  error  tlist  ongU  ■!■ 
to  bo  avoided.  If  proper  core  and  attention  were  paid  to  the  quality  of  ft* 
material  used,  as  n'ell  as  to  the  workmanship,  we  should  hare  fewer  bnit- 
downs  in  our  aoo-going  steamers,  and  might,  with  perfect  safety  and  gi*'' 
advantage,  reduce  tlie  weight  of  those  porta  that  are  made  of  wrougbtina 
In  the  selection  of  forgings,  the  cheapest  are  generally  a  long  way  from  l^ 
the  least  coatly;  for  the  extra  weight  of  materiel  used,  often  brings  th) 
actual  cost  up  to  a  level  with  the  dearer,  but  better-finished  and  ^^iK 
forgings.  Where  cheapness  of  firat  cost  is  the  rule,  though  accepted  U  lb 
cheapest,  it  will,  in  all  proltabihty,  be  the  dearcat  in  the  end. 

In  cencludiug  this  short  paper,  we  would  observe,  that  the  <qunioDi  *>' 
facts  here  developed  (although  the  result  of  long  practical  experience)  )»*■ 
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>ut  together  at  a  short  notice,  during  the  pressure  of  onerous  business 
Bments»  which  x)ermittcd  but  little  time  to  bo  devoted  to  the  subject, 
athor  does  not  for  a  moment  pretend  to  treat  this  important  subject  in 
ientific  manner  that  it  deserves ;  but,  when  requested,  ho  gave  his  humble 
mcc  to  fiirtlier,  though  in  a  slight  degree,  the  development  of  know- 
on  a  subject  which  has  hardly  ever  received  the  attention  of  those 
callj  competent  to  write  upon  it;  but  which,  he  is  convinced,  is  of 
and  growing  importance  to  this  country,  as  a  national  manufacture  in 
.  it  stands  proudly  pre-eminent. 

kould,  however,  the  few  remarks  which  we  have  put  togetlier  awaken 
inquiry,  and  further  investigation  of  the  subject,  by  those  who  have 
e  and  ability  to  pursue  it,  the  author  will  rejoice  that  his  humble  cndea- 
have  not  been  altogether  in  vain. 
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CHAPTER  XVn. 

8TSBL    MAVUFAGTUBE. 

The  superior  qoftlity  of  steel  prodaced  by  the  British  mannfactoiar  tnm  fti 
best  Swedish  and  Russian  wrought  or  soft  iron,  has  procured  for  him  shMt 
n  monopoly  of  tlio  steel  trade  of  the  whole  world.  Steel-works  ham  li»K 
been  establi.slLed  at  Sheffield,  Binningham,  and  Xewca8t]e-oii-l^fiie,SBdeiiit 
in  a  few  other  places.  Shcfiield,  with  its  neighbourhood,  is  howererfltt 
cliicf  sent  of  this  trade ;  and  owes  its  first  establishment,  as  well  as  ito  n* 
paralleled  development,  to  the  possession  of  a  number  of  natural  adnnt^tt 
presented  by  no  other  locality  in  an  equal  degree.  Among  these  may  beniBei 
its  situation  near  the  south-western  margin  of  the  Yorkshire  coal-basin,  whidi 
contains  all  the  varieties  of  coal  for  hard  and  soft  coke,  and  also  convertisgcoil, 
which  the  dilleront  operations  rcqnii*e.  Between  the  Abdy  coal,  near'Waih, 
eleven  miles  north-oast  from  Sheffield,  and  tlie  lowest  of  Uie  beds  near  the 
town,  there  are  no  loss  than  thirtv-ono  seams  of  coal  in  a  vertical  section  of 
seven  hundred  vards,  sixteen  of  which  seams  are  of  sufficient  thickness  and 
commercial  value  to  be  wrouj]jlit  in  difi'orent  places.  With  tlic  port  of  Hell, 
which  receives  the  irons  of  Sweden,  Xorwaj*,  and  Russia,  Sheffield  has  lotg 
had  river  and  land  communication,  and  latterly  by  railway  also.  Building- 
stone,  capable  of  bearing  the  great  heat  of  the  melting  and  converting  fa^ 
naces,  is  fjot  near  at  hand,  and  also  excellent  clay  for  fire  bricks ;  within  a  few 
miles  westward,  lying  at  the  bottom  of  tlie  coal  measures,  and  alternating 
witli  sandstone  and  shale,  is  found  in  several  places  that  peculiar  bUci 
clay  for  melting  pots,  which  is  the  only  kind  kno>\'n  which  will  bear  th« 
great  heat  of  the  st< 'el-melting  fui-naces.  These  advantages  would  have  been 
insufficient,  especially  in  tlie  earlier  ages  of  its  establisliment,  but  ia 
another,  which  made  available  and  thereby  increased  the  value  of  all  tbe 
rest.  "SVe  refer  to  the  water-power  of  five  small  rapid  manageable  riven, 
which,  rising  on  the  high  lands  of  tlie  western  moors,  converge  towards  the 
town.  The  Bivelin  and  Loxley  join  within  a  mile  and  a  half  on  the  northwest, 
and  these  are  joined  by  the  Don  within  a  mile  of  Sheffield.  On  the  south-west, 
the  Porter  and  Sheaf  join  close  to  the  to^\•n,  and  tliey  meet  the  other  united 
streams  within  tlie  town  itself.  The  river  now  called  tlie  Don,  proceeding 
towards  Doncaster,has  several  steel  works  upon  it  before  reaching  Rotheriiam 
and  Masbrough,  where  were  tlie  celebrated  iron  and  steel-works  of  Messri. 
Joshua  Walker  and  Co.,  now  in  tlie  hands  of  different  proprietors.  Upon 
tliese  rivers,  tilts,  forges,  and  other  works  required  in  tiio  manufacture  of 
steel,  were  erected  long  before  steam-power  was  applied  to  similar  puiposei, 
and  when  water  power  was  necessary  to  the  very  existence  of  the  steel  trade. 
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We  shall  now  state  the  object  of  each  operation,  and  the  way  in  which  it  is 
performed. 

To  onderstand  the  process  by  which  the  manufacturer  converts  bar>iron 
into  steel,  we  must  first  consider  the  difiercnce  in  the  composition  of  cast- 
iron,  wrought-iron,  and  steel.  Wrought  or  soft-iron  may  contain  no  carbon, 
imd,  if  perfectly  pure,  would  contain  none,  nor  indeed  any  other  impurity ; 
but  this  is  a  state  to  bo  desired  and  aimed  at,  but  it  has  never  yet  been 
perfectly  attained  in  practice.  The  best  as  well  as  the  commonest  foreign 
irons  always  contain  more  or  less  carbon,  and  occasionally  present  pieces  so 
steel-rank  (as  some  of  the  old  converters  call  it)  as  to  be  capable  of  being 
liardeued.  Carbon  may  exist  in  iron  in  the  ratio  of  05  parts  to  10,000, 
srithont  assuming  the  properties  of  steel.  If  the  proportion  be  greater  than 
that,  and  anywhere  between  the  limits  of  65  parts  of  carbon  to  10,000  parts 
3f  iron,  and  2  parts  of  carbon  to  100  of  iron,  tlie  alloy  assumes  the  properties 
>f  steel.  In  cast-iron,  the  carbon  exceeds  2  per  cent.,  but  in  appearance  and 
[»rox>erties  it  diifcrs  widely  from  the  hnrdest  steel.  Tliese  proportions,  although 
we  quote  them,  are  somewhat  doubtful;  and  the  chemical  constitution  of 
Lhese  three  substances  may,  perhaps,  be  regarded  as  still  uudctcnuined. 

There  seems,  however,  no  rea-son  to  doubt  that  in  steel,  carbon  exists  in 
chemical  combination  with  iron,  but  in  some  much  lower  proportion  than 
the  carburet.  In  cast  iron,  it  is  not  impossible  that  it  may  exist  in  two  states — 
aamely,  as  a  carburet  diffused  through  the  mass,  and  also  in  that  state  whiob 
with  wrought-iron  constitutes  steel ;  for  cast-iron  has  this  property  in  common 
with  steel,  that,  when  cooled  quickly  by  casting  it  into  metal  moulds  called 
chillfl,  as  is  done  for  rollers  and  the  faces  of  tilt  and  forge-hammers,  the  surface 
of  the  cast-iron  becomes  nearly  as  hard  as  hardened  steel ;  and  cast-iron  is 
also,  like  steel,  capable  of  being  softened  by  the  process  of  annealing. 

The  conversion  of  wrought-iron  into  a  substance  resembling  cast-iron,  in 
Enany  of  its  characters,  by  subjecting  its  particles  for  some  time  to  a  state 
of  vibration,  without  any  chemical  change  in  its  composition  taking  place, 
Beems  to  indicate  that  the  different  properties  of  tliese  three  materials  may 
depend  on  other  circumstances,  besides  the  proportion  tlie  carbon  bears  to 
the  iron.  Various  other  bodies,  such  as  phosphorus,  silica,  sulphur,  and 
manganese,  occur  in  small  proportions,  and  must  be  regarded  as  imi)urities 
in  steel.  Sulphur  and  phosphorus  especially  are  highly  injurious  to  the 
quality  of  iron,  and  are  witli  great  difficulty  separated  from  it.  Some  have 
even  considered  manganese  essential  to  steel ;  but  where  its  action  can  be 
beneficial,  it  seems  to  be  by  entering  into  combination  with  silica  and  other 
impnritieB. 

In  those  melting  furnaces  where  manganese  is  used,  it  is  put  into  the 
melting  pot  with  the  steel  to  the  extent  of  two,  three,  or  four  ounces,  and 
with  it  a  little  charcoal  also,  if  the  steel  requires  more  carbon.  When  the 
steel  is  melted,  the  manganese,  with  other  impurities  contained  in  the  steel,  is 
found  floating  at  the  top  as  a  greenish  glassy  scoria,  which,  being  removed, 
takes  those  impurities  along  with  it,  and  in  tliat  way  improves  the  quality  of 
those  common  kinds  of  steel  to  which,  for  the  most  part,  its  use  is  limited. 
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Tlio  best-marks  iron  contain  no  appreciable  quantitj  of  mangUNie,  aor 
can  steel  made  from  them  be  at  all  improved  by  its  use. 

Cast-iron  is  described  as  "  bard,  brittle,  liunble  at  a  lu^^  tempentaie;  U 
neither  malleable  nor  capable  of  being  welded  at  any  temperatare.**  lUi,  is 
a  general  description,  is  true ;  but  must  now  be  talron  with  due  aDowaDei  is 
to  tlio  brittleness,  for  we  see  in  Sheffield  every  day  articles  of  cart-inB, 
wliich  were  brittle  when  cast,  made  soft  by  subsequent  annealing,  Thitwad 
cxtraorilinary  results  are  produced  in  this  way  by  Mr.  John  Crowley,  who  bis 
paid  great  attention  to  Uie  chemistiy  of  this  difficult  subject.  He  makes  i 
great  variety  of  articles  used  in  machinexy,  which,  when  cast,  are  aaUtdeis 
glass ;  but  after  being  annealed  for  Beveral  days  in  dose  vessels,  come  out  si 
soft  as  to  bear  bending  and  twisting  as  easUy  as  the  softest  wroni^t-ina. 

Wrought-iron  is  soft,  tough,  almost  infusible,  malleable  when  healed  tot 
rcd-lieat,  and  capable  of  being  welded  at  a  higher  temperatare. 

Steel  differs  from  wrought-iron  in  possessing  this  remarkable  pvopei^iftit 
when  heated  to  a  rod-heat,  and  suddenly  cooled  by  being  plmiged  intoeoll 
water,  or  by  any  otlier  method,  it  acquires  a  groat  degree  of  hardness  If  Ai 
steel  be  converted  into  what  is  called  a  melting  heat,  it  will  by  this  tnilaat 
bo  made  hard  enough  to  scratch  glass.  This  extreme  hardness  may  be  redooed 
to  almost  any  degree  of  softness  required  by  gradually  heating  the  steel  (tfier 
having  rubbed  part  of  its  surface  bright),  and  observing  the  change  of  cokw 
produced  by  tlic  commencement  of  oxidation.  This  operation  is  called  tem- 
pering. Tlio  first  visible  tinge  of  yellow  somewhat  increases  the  toughnen, 
witliout  perceptibly  reducing  the  hardness.  A  deeper  yellow,  approechiirg 
to  orange,  is  a  suitable  temper  for  razors,  penknives,  and  tools  for  tnnifigi 
planmg,  chipping,  or  boring  metals ;  a  deeper  orange  is  required  for  joinen 
edged  tools  and  table  cutlery ;  and  a  blue  for  springs.  If  the  heat  be  ctnied 
farther,  wliilo  white  succeeds  to  blue,  tlie  steel  will  bo  nearly  as  soft  is  what 
it  left  tlic  hammer  before  it  w  as  hardened. 

Tliorouglily  converted  bhster  steel  is  brittle,  and  can  be  easily  broken  by 
tlie  blow  of  a  hammer,  or  even  by  a  smart  blow  on  its  edge  over  the  edge 
of  an  anvil ;  but  after  being  heated  and  hammered,  its  tenacity  is  so  modi 
increased,  that  an  unskilled  person  would  havo  great  difficulty  in  breaking  it 
by  any  means  he  could  tliink  of.  Taken  in  this  state,  and  properly  hardenBd 
and  tempered,  it  is  ver>'  elastic.  At  a  redheat  it  is  malleable,  at  a iriiite 
heat  it  may  be  welded  eitlier  to  another  piece  of  steel  or  to  iron,  and  at  a  itill 
higher  temperature  it  is  fusible,  and  may  be  made  into  caststeel  by  melting  is 
a  crucible. 

To  convert  iron  into  steel,  the  English  method  is  to  take  best  Swediik 
or  Russian  ivrouglit  or  bar  iron,  and  subject  it  for  some  time  to  a  high  degree 
of  temperature  in  contact  with  small  pieces  of  wood-charcoal  in  dose  veaelii 
BO  as  totally  to  exclude  the  air.  The  quality  of  the  Swedish  and  Bnssiaa 
wrought  iron  brought  into  this  country  is  distinguished  by  trade  maiki  ia* 
pressed  on  the  bars.  Certain  of  these  marks,  called  hoop  L,  GL,  and  dooUe 
bullet,  are  known  in  the  trade  as  **  best"  marks.  The  British  mann&ctiiien 
have  been  supplied  with  them  more  than  a  century  by  Messrs.  Joseph  9fkm 
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id  Sons,  of  Hull,  through  whom  also  they  have  received  a  great  part  of  the 
ake  of  Bevezal  of  the  other  marks  known  as  second  marks,  some  of  which 
■e  nearly,  if  not  fiilly,  equal  to  those  called  best  in  quality.  The  second  marks 
■e  IV  and  crown,  GF  hoop  S,  JB  and  crown,  gridiron,  Steinbok,  S  and  dots ; 
id  with  these  might  rank  one  quality  of  Norwegian  iron.  These,  with  an 
scasional  importation  of  less  known  marks,  and  a  large  quantity  of  the  Rus- 
aax  iron  CCND,  belonging  to  Count  Demidoff,  made  in  different  parts  of 
IS  eztenslTe  estates,  and  which  varies  more  tlian  most  other  irons  in  quality 
n  that  account,  were  tlie  chief  sources  of  supply,  and  were  sufficient  to  meet 
be  demand  up  to  the  peace  of  181 5.  It  was  the  custom  of  some  of  tlie  manu- 
aotnrerB  of  that  day  to  break  up  their  blister-steel  with  their  own  hands,  to 
ncamine  and  apply  it  to  the  purposes  for  which  they  judged  it  to  be  best 
tuited ;  and  as  it  again  came  under  their  review  in  the  subsequent  processes 
)f  Bteel-making,  and  often  also  of  being  made  into  goods,  tliey  became  tho- 
roughly acquainted  with  the  properties  of  the  various  marks  in  use,  and  con- 
ndered,  with  reason,  that  their  reputation  as  manufacturers  depended  upon 
Ike  jndieionB  application  of  the  material. 

So  strong  was  the  preference  or  prejudice  in  favour  of  the  well-known 
marks,  and  the  fear  of  loss  of  reputation  which  might  follow  the  use  of  any 
aew  sort,  that  it  would  have  been  found  almost  impossible  to  introduce  any 
other,  even  at  a  greatly  reduced  price,  if  it  had  been  possible  to  increase  the 
supply  of  the  old  marks. 

Though  the  magnetic  iron  ore  of  Sweden  is  abundant,  the  quantify  of  iron 
tiiai  can  be  made  from  it  is  limited  by  the  quantity  of  wood  for  charcoal  that 
ean  be  grown  within  a  moderate  distance  of  the  works.  What  tlie  steel 
manuiketaierB  were  vexy  reluctant  to  do,  was  at  length  forced  upon  them  by 
tilie  neoessity  of  the  case ;  and  iron  made  from  the  heematite  ore  of  Sweden 
«ame  gradually  into  extensive  use. 

In  this  change,  which  began  to  take  place  about  1820,  Messrs.  Gowie  and 
Brandstrom  of  Hull  may  be  regarded  as  the  pioneers.  The  latter,  a  Swede, 
eonfined  his  labours  chiefly  to  the  selection  of  the  best  made  irons  in  his  own 
eountiy,  while  his  inde&tigable  partner  had  the  greater  labour  of  inducing  the 
nanufiujtnrers  to  tiy  tiiem.  He  got  some  of  their  iron  converted  into  steel, 
and  got  articles  of  all  sorts  made  from  it,  which  he  exhibited  as  proofs  of 
the  uses  which  their  irons  were  fit  for.  He  sold  small  quantities  of  the  steel 
to  the  manufacturers  to  tiy  for  themselves ;  and,  after  much  opposition,  two 
or  three  of  the  new  marks  so  introduced  began  to  have  an  established  place 
In  the  marirot ;  but  in  that  stage  a  new  difficulty  met  the  firm.  Some  of 
the  dld-esteblished  iron  merchants  contracted  with  the  proprietors  of  the 
wodka  for  those  marks,  and  they  were  lost  to  the  introducers,  who  had  again 
to  begin  with  other  new  marks.  They  persevered,  however;  and  by  inducing 
tome  proprietors  in  Sweden  to  turn  their  attention  to  the  making  of  a  supe- 
ifor  iron  for  steel  puzposes,  fiimishing  them  firom  this  coimtry  with  superior 
jaaeliinery,  and  making  such  suggestions  as  to  their  knowledge  and  expe- 
sienee  appeared  to  be  improvements,  they  were  again  enabled  to  introduoe 
•ereral  ether  marks,  some  of  which  they  lost  as  they  did  the  others;  so  that. 
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on  the  whole,  their  sncccBS,  while  benefical  to  tlia  tzade,  was  not  ao 

tive  to  themselyes  as  their  iadnatiy  deaerred.    Tl&iia  b^gnn,  a  nfofadioaiii 

gradually  but  surely  made  in  the  iron  trade  with  Sweden.  Many 

have  improved  their  prodmstion,  and  ereiy  year  haa 

of  new  marks ;  and  with  this  change  came  another,    Foonerly  the  tads  m 

supplied  through  tlie  Hull  mexehants  only,  who  noiw  indeed  mqifif  aa  wmk 

as  ever;  but,  in  addition,  many  of  the  largest  eoncama  hfay  a  poKtion  dinek 

from  the  makers  in  Sweden,  in  some  cases  contxaetiog  lor  the  wlids  askitf 

a  forge. 

While  those  changes  were  taking  place  in  Swediah,  a  new  maik  of  fi» 
sian  iron  Kb  was  introduced,  which  proved  the  moat  uaefiil  addition  waknt 
yet  received  for  cast-steel;  and,  ibrtonately,  there  ia  a  good  qaaatiltftfl 
made.  It  ranks  with  CCND  in  qnality,  and  some  prete  it  to  thata^flv 
this  purpose. 

Contemporaneously  with  these  changes,  and  to  complete  the  aeooaak  d 
materials  used  for  conversion  into  steel,  it  oo^t  to  he  mentioaied  that  BriJiA 
irons  for  such  purposes  as  do  not  reqnixe  a  hard  conTeitioa.  era  exlMiwI^ 
used ;  and  some  of  them  answer  the  purpose  remarkably  welL  Of  fliflse  flu 
Low  Moor  and  Bowling  irons  are  perhaps  the  best — at  least,  they  axe  the bari 
known,  and  obtain  the  highest  price;  they  have  been  in  use  many  yesniv 
forks,  mill-saws,  slabs,  and  springs. 

Of  tlie  ditTcrcut  kinds  of  iron  enumerated,  the  best  and  second  maiksmsdi 
of  Uie  magnetic  iron  ore  of  Dannemora,  which  is  nearly  pure  black  oxide,  om 
their  superiority  over  the  other  Swedish  irons  to  their  greater  freedom  finonthi 
contamination  of  foreign  substances.  Both  these  irons  and  the  marks  msdi 
from  heematitcs  arc  superior  to  the  Britisli  for  steel  purposes,  because  both 
are  made  with  charcoal  only.  The  argillaceous  iron  ores  of  Britain  sxe  mon 
diilicult  to  reduce  and  to  obtain  free  from  sulphur  than  either  of  the  otfaaii 
and  the  use  of  coke  furtlicr  deteriorates  their  steel-making  quality,  as  is  madi 
apparent  by  tlie  experiments  made  on  Swedish  pig-iron  when  wrou^^t  iato  | 
bars  in  England.  Even  Swedish  blooms,  which  have  been  heated  and  wdded 
in  our  coke  fires,  and  drawn  into  bars,  are  found  to  be  deteriorated  therebf' 

In  one  respect,  British  iron  is  better  than  the  Swedish.  It  is  mads  sooate 
and  more  free  from  flaws,  the  liigh  temperature  obtainable  in  our  fires,  and  &• 
great  weight  and  excellence  of  the  machineiy  in  our  large  iron  works,  ensUiig 
the  ironmasters  to  do  this. 

■^®  ^o^verting  furnace  consists  of  two  rectangular  chests,  technkt])^ 
coUed  a  pair  of  pote,  made  of  silicious  freestone,  capable  of  bearing  a  gwi» 
aegree  of  heat  unchanged.  The  stone  is  cut  at  the  quarry  into  rectsngshr 
Ih^^'^^.u^}^""^^^  ^""^^  ^^  ^  arranged  as  to  form,  when  pat  together,  tao 
feetW  .^  v^'^^''"^^'*^^-  They  are  usually  from  twelvTtoibaite- 
h^lT^J^^  *^'''''  ^^'^^^  ^^^^  ^  i^<^^«8  ^de  and  deep.  The  cheali  shooM 
feet  of^?r'^^''°  "^^^^  ^^  ^^^^  ^  tolerably  favomuble,  upon  about  foir 
no  ^i  T^""^ '  ^"'  '^  ^  ^^  ^^  f^"^^^^^  consequence  that  ttiere  should  ba 
adndTS^whiST^  ,T^  ^^^'  fomidation,  so  as  to  crack  the  chests  sad 
^'  ^^"^  ^o^d  spoil  the  convenrion.    The  moaoniy  ahoaU  fiw* 
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inree  of  Sie-biick;  Emd  apon  that  again  is  laid  crosa-waila  of  fire- 
D  inches  thick  and  the  same  distance  apart,  up  on  which  the  cheats 
lediatelr  rest, 
le  brick  difi- 
im  flnea  an- 
k  them.     The 


«  W  in  .,... 

ont  Bt«e1 ;  at 
mes  thej  are  hricked  np  temporaril]',  and  plastered  mth  claj  o 
■nxf.  There  are  also  two  small  temporary  openings,  ono  over  each 
irongh  which  bars  can  be  pot;  andin  these  a  piece  of  sheet-iron  ia  laid 
I  nsed,  with  the  edges  tamed  up,  to  pass  the  bars  more  easily  and 
injury  to  the  brick- work. 

of  the  vault  rise  three  small  chinmeyB  on  each  aide  opening  into 
e  capola,  which  carries  the  smoke  to  a  considerable  elovatioD.  and 
I  the  wind  £rom  having  much  effect  npon  the  draught  of  the  furuace 
be  fire-grate  is  under  the  middle  row  of  flues,  and  the  whole  length  of 
te.  It  has  a  strong  metal  door  at  each  end,  wliich  is  kept  close  shut, 
rtaen  a  fresh  charge  of  coal  is  being  pat  in.    The  fire-brick  work  and 

chests  are  built  with  gronnd  clay  and  ^"ater,  mixed  to  a  proper  con- 
,inal«ad  of  lime  mortar.  The  following  ground-plan  (Fig  2j,  represents 
idatjonwolls  of  two  conTerting  ftimaces  and  cellars.    Orer  the  large 


cellar  is  the  mm  hoaee   The  wedls,  in  this  instaiice,  ttre  fomed  of  nthble^tone, 
filled  with  bncli  and  the  plan,  witiithedimeDmons,arGtakeiifr<mitwofiUBMCf 

erected  in  1850 

TliP  first  Ihinjj 
thecoDTertcrand 
under   him 
to  prepare 

of  which  are  rrin 
cipeDy  from  tno 
io  Uireo  inches 
hread  and  five 
«i;{htha  to  three 
fonrlliB  of  BH 
inch  tlucli  ex 
ccpt  where  tliey 
are  required  for 
railn  ny  springs 
ftnd  then  thoj 
are  mnde  from 
three  nuil  (i  qiiar 
tcr  to  four  inches 
inbrendth.  They 
are  prepared  by 
Binugkteuing  the 


crooked  bars,  so  that  theymaylie  evonlyin  the  eheBtBitndbymtttii^ii 
of  IheiD  as  are  too  long  abont  three  incheB  Bhorter  than  the  cbeete,  bo  ■■  ta 
allow  for  the  cipanaion  of  the  iron  when  hot.    Thia  done,  the  Vera  ai 
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TtaAj  tax  lajying  in.  The  conyerter  gets  into  one  of  the  chests,  and  an 
Mnstant  hands  him  through  the  man-hole  a  basketful  of  charcoal;  so 
uMch,  of  which  aa  ha  judges  sufficient  he  spreads  upon  the  bottom  of 
tha  cheat,  making  it  as  level  as  he  can  ¥rith  a  straight-edged  piece  of 
boazd.  The  awaistant  now  hands  him  bara  through  one  of  the  small 
openinga,  broad  or  narrow,  thick  or  thin,  of  one  mark  or  another,  if  the 
heat  ia  of  difierent  marks,  aa  he  is  directed  by  the  converter,  who  lays 
them  upon  the  charcoal  flat-side  downwards,  taking  care  that  they  do  not 
zeaeh  either  end  by  an  inch  at  the  least  With  the  short  pieces  he 
matchea  up  those  baza  which  are  too  short  for  the  chest  The  edges  of  tlie 
ban  aze  laid  ao  as  to  touch  each  other,  or  nearly  so,  without  any  particular 
aUowanoe  for  expansion  in  that  direction ;  the  inequalities  in  the  bars  being 
miBfiient  far  that  purpose,  seeing  that  the  last  bar  of  a  course  never  fita 
ezaeHj.    A  layer  of  bara  being  laid  in  the  chest,  and  covered  about  half  an 

f  inch  thick  with  charooal,  bars  and  charcoal  are  then  laid  alternately,  untU 

^  ihM  eheafc  la  nearly  full,  finishing  with  a  thicker  layer  of  charcoal  than  usual 
over  Hm  top.  The  other  chest  is  filled  in  exactly  the  same  manner,  after 
iAUk  both  are  covered  over  with  from  four  to  five  inches  in  thickness  of 
wheehwart  as  the  grit  from  the  grindstone  is  called,  and  which  may  be 
had  at  the  grinding-wheela  for  carting  it  away.  Thift  grit  contains  a  portion 
of  ima  and  ateel,  and  their  oxides,  in  minute  division,  intimately  mixed  with 
fta  grilt  which  seems  to  possess  the  valuable  property  for  this  purpose  of 
mdeigQing  a  partial  fusion  when  hot,  and  forming  a  kind  of  cindery  slag, 
vlikh  per&otly  protecta  the  steel  underneath  from  the  action  of  the  air. 

Eadi  frumace  has  a  square  opening  of  about  five  inches  in  the  centre  of  the 
and  of  one  of  the  oheata,  which  is  continued  through  the  walls  to  the  outside 
ef  fha  iiimaoe,  into  which  two  or  three  bars,  called  tap-bars,  ore  laid,  partly  in 
id  partly  out  of  the  chests,  but  in  such  a  manner  that  they  can  be  drawn 
oaft  iriien  required.  To  prevent  access  of  air  to  the  chest,  the  rest  of  the  open- 
fag  la  carefully  filled  up  with  fine  ashes,  well  rammed  in.  The  man-holes  and 
wmaXL  openings  are  now  made  up  as  before  mentioned ;  a  fire  of  coals,  which 
had  been  previously  prepared,  is  put  upon  the  grate  at  both  ends,  and  will  now 

^  aqvize  constant  attention  day  and  night  for  six,  seven,  or  eight  days.  The 
in  18  zaiaed  gradually,  and  the  intensity  of  it  regulated  solely  by  the  experi- 
mm  and  judgment  of  the  converter,  he  having  no  instrument  of  the  nature  of 

3  nfjvometer  to  guide  him. 

a  The  coal  suitable  for  converting  is  such  as  will  bum  away  in  a  good  draught, 
Isaiiiifl  scarcely  any  residuum  but  white  ashes,  whicli  fall  between  the  bars 
ilAo  the  aah-pit  That  coal  which  in  burning  runs  together  into  a  mass  of 
iBga  cinder  would  not  do  at  all,  because  in  that  state  it  would  stop  the 
ina^ht  from  passing  between  the  grate-bars  through  the  fire.  When  fresh 
coal  haa  to  be  put  on,  the  fire  is  first  levelled  with  a  long  coal  rake,  or  rather 
long  hook,  being  a  rod  of  round  iron  with  about  four  inches  at  the  end  turned 
at  zi|^t  anglea ;  another  smaller  rod  is  occasionally  passed  between  the  grate- 
baiB  to  dear  away  any  obstruction.  Large  pieces  of  coal  are  thrown  in  chiefly 
1 1  bj  the  hand,  very  little  being  used  so  small  as  to  require  a  shovel ;  and  when  one 
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end  of  the  grate  is  filled,  the  converter  proceeds  to  fill  llie  other,  or  noflMran 
does  it  at  the  same  time.  Eachfiringtnlltak!efitmi4to6ewt.ofcoiLiiii«l 
require  renewal  every  2i  or  8  hours;  and  ft  heat  of  steel  euiifsrUi>gif3ii» 
qniro,  on  the  average,  12  or  18  tons  of  coal,  or  more,  aeeordiiig  to  the  rin  tf 
the  fnmace  and  the  time  required.  Most  of  the  ohsrooel  used  is  SMule  tjAi 
pyroligneous  acid  mannfiustorers  of  thtfneighboiirliood.  It  does  Hot  appeirti 
be  of  any  consequence  what  kind  of  wood  is  Used  for  the  charooel — sllkbdi  ii 
equally  well ;  hut  oak-hiUets  burned  in  retorts,  and  afterwards  ground  ottaihi 
down  to  about  the  size  of  horse-beans,  is  the  kind  principally  used,  finriioote 
reason,  however,  than  that  it  is  most  easily  obtained.  Another  kind  of  ehsrasl 
called  rammel,  is  made  by  burning  the  small  branehes  in  the  woods ;  aadsoM 
converters  prefer  it  for  those  heats  which  do  not  reqmre  a  haxd  oumeiriua. 

A  furnace  of  the  size  generally  preferred,  will  hdd  fictmi  16  to  IBIoBstf 
iron.  In  larger  furnaces,  the  steel  cannot  be  so  eqnallj  conrerted;  ni^ 
smaller,  tlie  conversion  costs  more  per  ton.  The-  iron  la  oonsidend  foffk 
about  four  pounds  to  the  ton  in  this  process ;  but  this- win  depend  vpoafhi 
kind  of  heat  used,  whether  a  miM  one  fior  springs  or  a  hard  one  tartoMngi 
but,  after  all,  the  gain  in  weight  must  only  be  regarded  as  an  approiImitiOBi 
how  much  of  it  is  due  to  charcoal-dust  adhering  loosely  to  the  bars,  add  how 
much  to  carbon  taken  up  chemically  by  the  iron  in  forming  steel,  hu  not  j 
been  determined  with  much  accuracy.  The  wdglnng  into  and  out  of  tiM 
furnace  is  never  done  witli  the  nicety  which  the  settlement  of  such  a  questka 
would  require. 

Gonverting-fumaces  are  well  worked  if  from  fourteen  to  axteen  hetfe  tie 
got  out  of  them  in  a  year.  When  the  fire  has  been  continued  so  long  that  the 
degree  of  conversion  desired  is  supposed  to  be  nearly  attained,  one  of  the  tip- 
bars  is  drawn  out  and  the  opening  stopped  up.  When  cold,  it  is  broken;  and 
by  its  appearance  a  judgment  is  formed  of  the  state  of  the  whole,  and  the 
firing  regulated  accordingly.  In  a  few  hours  more  a  second  bar  is  drawn,  tal 
the  progress  made  in  the  interim  observed ;  this  is  a  farther  guide  for  thfl 
continuance  of  the  fire  for  some  time  longer,  or  for  allowing  it  to  go  out  as  tiM 
case  may  require. 

Easy,  simple,  and  certain  as  it  appears  for  a  person  of  experience  to  judlge 
of  the  conversion  of  barstcel  by  the  appearance  of  its  fracture,  it  is qnile 
impossible  to  convey  that  knowledge  to  a  stranger  by  any  form  of  words;  ht 
must  see  the  steel,  and  have  all  those  diflercnces  pointed  out  to  him  before  lie 
can  distinguish  between  hard  and  soft  steel  for  himself. 

The  whole  quantity  put  into  a  converting-furnace  at  one  time  is  called  a 
heat  of  steel ;  and  according  to  the  degree  of  carbonization  required  it  u 
called  a  spiing-heat,  a  cutler's-heat,  a  shear-heat,  a  file-heat,  or  a  melting-heat 
When  the  fire  is  let  out,  the  furnace  requires  no  attention  for  three  or  fbor 
days.  By  that  time  the  man-holes  may  be  opened  to  allow  a  draught  of  air 
through,  to  hasten  the  cooling ;  and  in  a  few  days  more  it  will  be  oool  enoa|^ 
for  a  man  to  enter  in  order  to  break  the  covers  off,  and  take  out  the  steel, 
which  is  generally  done  while  the  steel  is  stiU  too  hot  to  be  taken  out  wifli 
the  bare  hands.    The  men's  hands  are  protected  in  doing  this  by  sefenl 
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tlucknesses  of  coarse  cloth.     Some  of  the  charcoal,  when  the  small  dust  is 
sifted  from  it,  will  be  fit  to  use  again,  mixed  with  fresh  charcoal. 

Steel  obtained  by  this  process  is  never  quite  equally  converted.  Near  the 
bottom  and  sides  of  the  chests  it  Ls  more  carbonized  tlian  in  tlie  middle ;  and 
this  ia  tme  also  of  every  single  bar,  tlie  external  being  more  converted  than 
the  internal  parts.  A  good  converter  can  produce  more  uniformity  in  the 
"whole  heat  than  might  be  exj^ected,  by  laying  the  thinnest  bars  where  he 
IcnowB  tliey  will  get  the  least  fire ;  or  if  tlie  heat  consists  of  marks  of  ditfercnt 
kinds,  and  equaUty  is  desired,  ho  will  lay  tlie  poorest  irons  in  that  situation. 
It  often  happens  that  the  same  heat  is  intended  to  serve  more  tlian  one  pur- 
poses— ^for  example,  to  be  made  into  bar-stccl  files,  and  shear-steel ;  in  tliat 
case  the  file-steel  should  have  tlie  most  conversion.  Bar-steel  is  also  called 
blister-steel,  on  account  of  the  blisters  raised  upon  it  in  this  process.  Large 
izregolar  blisters  may  be  taken  as  an  indication  of  inferior  iron.  AMien  the 
iron  is  nniform,  the  blisters  are  more  uniform ;  but  still  vary  from  small 
pimples  to  half  or  three-quarters  of  an  inch.  This  refers  to  steel  made  from 
foreign  marks  only.  Little  reliance,  however,  must  be  placed  on  the  size  of 
the  blisters  as  indications  of  tlie  quaUty  of  steel ;  for  if  small  blisters  were  a 
proof  of  quality,  steel  from  British  iron  would  be  better  than  best  marks. 

The  blisters  are  doubtless  owing  to  some  impurities  in  the  iron,  which 
in  the  famace  take  the  gaseous  form,  and  raise  the  blisters  by  the  force 
of  their  elastioity.  What  tliose  gases  are,  is  unknoi^-n;  but  it  is  known 
that  whatever  the  impurities,  tliey  are  got  rid  of  in  the  crucible  of  Uie 
melting  furnace  when  bar-steel  is  made  into  cast-stccl,  of  which  the  follow- 
ing proof  may  be  given : — For  a  certain  purpose  it  is  desirable  to  make 
the  outside  of  a  bar  of  cast-steel  harder  than  the  middle ;  and  to  do  tliis, 
ingots  of  cast-steel  may  be  drawn  down  under  the  forge-hammer  to  nearly 
the  size  required,  and  Uien  the  extra  dose  of  carbon  may  1>e  given  by  bedding 
them  in  charcoal  in  the  converting-furnace,  like  bars  of  iron.  Cast-steel  so 
treated  will  have  no  blisters,  and  may  be  finished  under  the  hammer. 

When  large-sized  square  bars  are  to  be  converted  for  the  files  called 
"  rabbers,"  the  carbon  will  not  penetrate  deep  enough  at  once,  nor  iidllall  the 
fonr  sides  be  converted  alike,  but  Uie  two  which  lie  upward  and  downward 
will  receive  the  most  carbon ;  so  that  on  being  converted  the  second  time, 
the  other  two  sides  should  be  laid  in  tliat  position. 

When  and  by  whom  the  present  method  of  converting  iron  into  steel 
began  to  bo  practised  is  not  recorded.  The  oldest  furnaces  remembered 
bj  persons  now  living,  were  on  the  same  principle  as  those  in  use  at  tlie 
present  day :  this  would  cany  the  metliod  back  about  a  century ;  but  it  is  pre- 
bably  much  older.  Tlie  earliest  furnaces  we  have  any  knowledge  of  were 
built  entirely  above-ground ;  and  whatever  the  strcngtii  and  thickness  given 
to  the  walls,  they  were  liable  to  crack  from  the  expansive  force  of  the  heated 
materials,  thus  giving  admission  to  air.  Whore  the  air  could  also  get  access 
to  the  steel,  its  effect  was  to  spoil  the  entire  heat.  In  most  cases  the  admis- 
sion of  air  takes  place  while  the  heat  is  cooling,  and  its  effect  upon  the  steel 
ia  completely  to  decarbonize  it  to  a  depth  varying  from  the  thickness  of  a 


aheet  of  paper  to  the  tenth  of  an  inch  from  tiie  miEfc/M.  Tint  this 
ization  has  taken  place  may  be  known  hj  tha  zed  eoloiir  of  flia  tetiM 
without  breaking  it.  "When  broken,  the  bar  ifpeui  IDbb  tlia  oftfltiialhi 
centre,  but  with^a  skin  of  Texybzighti  shinuig,  and  MftiranaBnoaMfii|& 
which  is  extremely  tough  and  will  not  haidm.  All  aiMih  baniMMft fiUi 
the  furnace  again  to  be  reconverted. 

Many  improvements  suggested  from  time  io  time  by  esperieneehm  !§■ 
made  in  the  details  of  the  construction  of  comvertinfrftinMicee;  bstaom  m 
important  as  that  of  placing  the  woding  pert  of  the  Ikiznaee  mtetibaa^ 
iiEu;e-levcl,  thus  making  use  of  the  solid  gnmnd  to  reeiet  Hie 
of  the  heated  furnace. 

It  is  popularly  believed  that  converting  iron  into  steel  le  ea 
process,  which  may  have  arisen  from  oomparing  the  priee  of  beiA 
with  the  price  of  British  iron.  Hence,  several  methods  hsTO 
for  converting,  all  of  which  would  so  hx  exceed  in  ^ygpftrnwi  the 
now  practised,  that  it  may  be  presumed  their  authors  would  nerrer  hsta  fni^ 
lished  them  had  they  known  the  small  expense  at  whieh  tlie  pnmalLmiui 
is  conducted. 

In  former  times,  when  tlie  furnaces  wero  made  to  hold  eight  or  nine  IflM^ 
the  charge  for  converting  for  hire  was  60«.  per  ton.  About  fbrlj  yean  s^ 
when  they  held  about  twelve  tons,  it  was  reduced  to  4At, ;  since  then  ndie 
tions  have  been  effected  to  40«.,  85«.,  32#.,  30«.,  28s,,  and  2G«.,  which  lastaij 
be  the  price  at  wliich  whole  heats  of  spring-steel  is  converted  at  the  prae^ 
time.  Ends  of  bar-steel  reconverting,  and  scrap^  steel,  are  charged  priee  mi 
half,  and  double  price,  according  to  circumstances. 

One  of  the  most  extensive  uses  to  which  blister- steel  was  fonnedlj'pit 
was  the  making  of  files,  for  which  puipose  the  loose  parts  of  the  ban  (by 
wliich  is  meant  the  parts  whidi  were  not  welded  sound  in  the  ^"i^^fl)  mn 
broken  out,  and  the  sound  parts  tilted  to  the  proper  size  and  applied  to  tfaa 
purpose.  These,  when  ground  ready  for  cutting,  would  present  no  ootvaid 
appearance  of  flaws;  but  the  cutter's  chisels  would  often  penetrate  pixti 
which  were  unsound,  occasioned,  apparently,  by  a  white  powder  embdUei 
in  the  steel :  to  distinguish  this  from  the  effects  of  imperfect  welding,  it  vM 
called  white-loose.  It  was  a  source  of  great  annoyance  to  the  file-maken  I9 
spoiling  tlie  appearance  of  tlieir  files,  and  causing  them  to  be  sold  at  an  ifr 
ferior  price,  as  wasters.  Tliey  complained  of  it  many  years,  yet  nobody  eared 
to  apply  a  remedy,  though  it  admitted  of  a  veiy  simple  one,  and  the  case  ii 
cited  to  show  how  difficult  it  is  to  got  people  to  cliange  their  mode  of  woiildng; 
when  at  length,  about  twenty  years  ago,  Mr. Ekman,  an  eminent  irannafta 
of  Sweden,  came  to  Sheffield,  and  was  sho^^'n  some  files  in  the  cut  state  with 
this  fault ;  he  expressed  an  opinion  tliat  ho  knew  what  it  was,  and  coold 
send  a  few  bars  for  trial  which  he  expected  would  be  free  from  it.  He  did 
BO ;  they  were  converted,  but  not  used  until  his  next  visit  to  Sheffield,  whes 
the  trial  was  made  in  his  o\(ii  presence.  The  cause  had  been  lossd  asd 
the  remedy  applied :  the  files  were  without  white-loose.  He  then  cxplaiwd 
the  cause  of  white-loose  by  saying — '*  In  my  countiy  we  use  wood-aibifr 
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in  the  same  way  that  yoa  uae  welding-Band  at  your  forge,  when  we  weld 
blooma ;  and  it  ia  nothing  but  wood-ashea  mixed  with  the  iron.  The  bars  I 
sent  you  I  saw  made,  and  would  not  allow  the  men  to  use  ashes.**  This  may 
be  a  vaafal  hint  to  some  other  Swedish  iron-masters  even  now. 

Bar-steel  from  the  converting-furnace  is  made  into  single  shear-steel  and 
double  shear-Bteel,  which  will  differ  in  quality  and  value  with  the  quality  of 
the  bar-steel  from  which  it  is  made,  and  the  judgment  and  care  of  the  person 
inrho  selects  the  steeL  This  name  was  given  to  it  because  it  was  the  kind 
need  for  the  blades  of  shears,  formerly  employed  for  cropping  woollen  cloths. 
Single  shear-steel  is  distinguished  by  a  single  representation  of  a  pair  of 
thoae  flhears,  and  double  shear  by  two. 

Another  distinction  indicating  the  hardness  of  double  shear  was  adopted 
by  Messrs.  Walker.  When  harder  than  usual,  it  was  double  spur ;  and  when 
ee  hard  as  it  could  be  made,  it  was  double  spur  and  double  star.  The  two 
latter  never  ought  to  be  attempted  in  any  but  the  best  of  the  second  marks. 

Good  shear-steel  may  be  made  by  following  the  practice  of  a  maker  who 
had  a  high  reputation  for  it,  which  was  this : — He  used  GL,  W  and  crown, 
and  OF  bar-iron,  converted  to  a  hard  shear  heat;  broke  the  bars  himself 
into  pieces  about  sixteen  inches  in  length,  carefidly  examining  botli  ends. 
Such  as  he  judged  unfit  for  the  purpose  were  put  into  two  different  places — 
one  to  be  reconverted,  the  other  to  be  melted.  Tliat  which  was  suitable  was 
divided  into  four  classes,  according  to  the  degree  of  conversion  each  had 
xeofliTed.  The  lowest  degree  received  a  chalk-mark  lengthwise  of  the  bar, 
irhifih  was  understood  to  moon  tliat  it  was  suitable  for  table  cutleiy.  The  next, 
being  thoroughly  converted,  was  fit  for  tools,  and  such  as  was  sunt  as  double 
■hear  into  the  country :  this  he  did  not  mark.  The  next  was  harder,  and  would 
do  for  donble  spur,  or  for  such  small  sizes  of  double  shear  as  had  to  bo  tilted 
leaving  the  foxge.  He  marked  this  H,  and  the  hardest  HH.  By  this 
in  sorting  the  steel,  a  much  better  article,  with  a  higher  degree  of  uni- 
Ibnaitj,  resulted  than  could  have  been  produced  by  the  indiscriminate  use 
of  the  ssme  marks  of  blister-steeL 

With  srtides  of  large  dimensions  or  otherwise  difficult  to  produce,  GL 
was  his  favourite  mark,  while  W  and  crown  stood  next  The  practice  is  to 
heat  the  pieces  of  bar-steel  to  a  red  heat,  and  draw  them  under  the  forge- 
hammer  to  about  Ij^  or  Ij  inch  broad,  by  i  or  tths  of  an  inch  thick ;  six  or 
eeren  of  these  pieces  are  laid  one  upon  another,  >nth  one  end  in  an  iron 
hoop  with  a  handle  to  it,  while  a  wedge  is  driven  in  to  bind  them  together. 
They  are  now  put  into  a  hollow  coke-fire,  urged  by  a  soft  blast,  which 
a^«"*t«  of  being  regulated  and  heated  gradually  up  to  a  welding  heat: 
during  this  time  the  surfeuw  of  the  bars  is  covered  with  day  beaten  fine, 
and  applied  during  the  heating  to  exclude  the  air  and  prevent  oxidation. 
"When  heated  sufficiently,  they  are  placed  under  the  hammer,  and  care- 
fiilly  welded  together.  Supposing  this  to  be  done  at  a  foige  worked  by 
water-power,  the  hammer  renudna  at  rest  while  the  steel  is  heating;  when 
it  ii  ready,  the  attendant  at  the  shuttle-pole,  as  it  is  called,  is  told  to  draw 
the  shuttle,  which  he  does  gently ;  and  as  soon  as  tlie  hammer  begins  to  rise. 


the  forgemud  swings  the  heated  baza  upon  the  anvil  befim  Ilia 
again.  The  speed  of  the  hammer  ia  regulated  hjthvoiwiiig  mon  or  iMifini 
of  water  upon  the  wheel,  whieh  the  fofgeman  direeta.  In  iraUSagiilte  w^tit 
requires  to  be  yery  slow,  the  hammer  bong  anflerad  to  raat  •  manMnt  InMb 
each  blow  delivered  npon  the  steeL  When  the  ban'ara  ftrin^  attaohnit.fti 
speed  is  increased,  and  the  steel  drawn  down  to  aboat  two  inehaa  afOHi; 
the  hoop  is  then  detached,  the  end  just  welded  taken  hold  of  with  a  poref 
tongs,  and  the  other  end  heated  and  welded  in  the  same  manner.  BfiBOV 
single  shear,  and  may  be  finiahed  to  any  aise  retailed;  if  oiderBd'iiraif 
flat  size,  such  as  1}  inch  by  i  inch,  the  flat  way  of  the  bar  ahonld  tub  xa  fla 
same  direction  in  which  the  bars  were  laid  together.  Hiia  role  riiodi  kH 
nniycrsally,  and  with  double  shear  as  weU  aa  ain^e  ahearatad.  Tbadi 
single  shear  into  double  shear,  the  bar  made  aa  above  deaeiibed  ia  biotaah 
the  middle,  the  two  pieces  laid  together,  and  welded  a  aeeoudtiBM/aiid  ^ph 
drawn  to  the  required  size.  By  this  double  operation^  the  ated  fcaooMi 
more  homogeneous-,  and  of  a  finer  texture,  firam  the  ma^K^^  dongMian  tf 
the  fibre ;  so  that  any  instrument  made  firam  it  will  reoeiTe  and  retdn  tf  flMr 
edge.  But  there  is  one  disadvantage  attending  this  aeoond  welding,  wUA 
often,  without  great  care,  more  than  counterbalances  any  advantages  to  be 
derived  from  it,  and  wliich  would  deter  many  persons  from  employing  doQlfe 
shear-steel  in  largo  square  sizes,  especially  for  making  screw-tapa,  or  fbriny 
similar  purpose.  Tlicy  would  bo  very  likely  to  split  down  the  middle  in  flw 
hardening  process,  and  from  the  following  causes : — ^In  the  second  opentioB, 
the  finely  powdered  clay  used  in  the  first  welding  not  only  fuaea  and  flpietdi 
on  the  bars,  but  running  between  them,  there  becomes  impiiaoned,  Ans 
preventing  the  necessary  union  of  the  bars.  For  this  reason,  where  the 
size  required  can  bo  obtained  in  single  shear,  it  is  more  to  be  depended 
upon  than  the  double  shear,  provided,  of  course,  the  best  bar  is  used  in 
the  manufacture.  When  the  size  required  is  larger  than  can  be  obtained 
at  the  first  welding,  the  extra  size  should  be  got  by  making  it  npon  a  steC 
This  is  more  troublesome,  and  requires  the  steel,  to  succeed  well,  not  aotj  to 
be  of  the  very  best  quality,  but  to  be  equally  converted.  This  operation  is  ai 
follows : — Tlie  bar  of  single  shear,  which  should  be  as  large  aa  it  can  be  made 
in  the  first  instance,  is  welded  upon  one  end  of  a  strong  staff  orbar  of  sImI, 
which  is  to  serve  as  a  handle ;  the  extra  size  being  obtained  by  welding  upon 
this  steel  additional  pieces,  one  by  one,  singly. 

Tho  forge-hammer  for  this  purpose  should  be  0  or  7  ewt,  and  water-power 
is  preferable  to  steam,  because  the  motive  power  being  unconnected  with  any 
other  machinery,  it  can  be  regulated  so  as  to  run  slow  for  welding  and  hid 
for  drawing.  Where  steam-forges  are  used,  they  are  generally  in  connection 
with  other  machinery  requiring  an  uniform  motion,  thus  necessitating  ai 
uniform  speed  in  the  forge,  which  is  not  so  well  in  shear-steel  making. 

Oast-Steel. — ^This  invention  we  owe  to  Benjamin  Huntanuin,  an  ingenioai 
and  skilful  mechanic,  who,  about  the  year  1740,  appears  to  have  pecfectod 
his  invention,  and  begun  to  make  the  steel  for  sale  which  is  now  known  ai 
Huntsman's  cast-steel  in  every  civilized  country  of  the  world.     It  is  said 
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that  Mr.  Hnntsman  first  directed  his  attention  to  the  making  of  a  more 
peifeet  kind  of  steel  than  any  then  procurable,  becanse  he  was  annoyed  by 
the  imperfection  of  the  watch-springs  supplied  to  him  in  his  business  of  a 
watchmaker ;  but  this  was  probably  not  the  moving  cause,  for  he  had  less  to 
do  with,  watches  than  with  clocks,  smoke-jaoks,  roastmg-jacks,  and  other 
mechanical  contriTances,  on^  which  he  spent  much  time  and  took  pleasure  in 
exercising  his  skill,  but  by  no  means  to  the  exclusion  of  other  subjects  of 
I  hsrestigation,  for  he  was  a  man  to  whom  information  on  all  subjects  was 
welcome. .  He  had  a  high  reputation  as  an  oculist,  and  also  for  his  know- 
ledge of  medicine;  his  adviee,  therefore,  was  much  sought  after;  and  thus  he 
lived,  at  the  time  he  made  his  experiments  on  steel,  in  the  exercise  of  a 
kind  of  difihsiire  benevolence,  at  the  village  of  Handsworth,  near  Sheffield,  a 
respected  and  worthy  member  of  the  Society  of  Friends. 

Mr.  Huntsman's  descendants  have  no  written  records  of  the  early  experi- 
ments made  by  him,  and  the  amount  of  success  or  failure  which  attended 
them ;  hot  there  have  been  found,  at  different  times,  other  memorials,  which 
testify  more  impressively  than  words,  that  he  shared  the  usual  fate  of  in- 
Tentors  in  repeated  losses  and  disappointments.  These  memorials  are  in 
the  form  of  many  hundredweights  of  steel,  found  buried  in  the  earth  about 
the  mann&ctory,  in  digging  foundations  for  buildings  or  other  excavations ; 
end  it  is  in  all  the  states  which  might  be  expected  from  imperfect  melting, 
emeiblee  giving  way,  &o.  From  the  situation  in  which  it  is  found,  it  would 
eppear  that  such  failures  were  regarded  by  lum  as  so  much  spoiled  steel,  of 
idiich  nothing  could  be  made,  and  it  was  buried  in  the  earth  as  waste. 

Now  that  the  casting  of  steel  is  become  tlie  most  important  of  our  local 
bnndies^of  trade,  and  everything  required  for  tlie  successful  practice  of  it 
povided  in  abundance,  it  is  not  easy  for  us  to  appreciate  the  difficulty  of  the 
int  attempt.  Mr.  Huntsman  had  to  invent  the  furnace  and  find  out  the 
■aterials  it  should  be  built  of; — ^to  find  something  that  in  the  form  of  a 
eraeible  would  bear  the  heat  and  hold  the  steel,  which  no  crucible  Uien  in 
use  would  do ;  to  find  what  fuel  would  produce  such  a  heat,  and  where  it 
could  be  obtained.  Ingot  moulds  were  not  then  cast,  nor  hoops  and  wedges 
Bade  to  hold  them  together ;  nor,  in  abort,  any  of  those  things  done  about  a 
melting  furnace  with  which  we  are  so  familiar;  indeed,  it  is  only  when  we 
trf  to  place  ourselves  in  imagination  in  his  situation,  that  we  become  sensible 
how  great  his  difficulty  must  have  been ;  and  yet  his  genius  and  perseverance 
Ofeivame  all,  and  steel-casting  was  in  his  lifetime  in  all  essentials  what  it  is  now. 

Mr.  Huntsman  having  perfected  his  invention,  was  not  of  a  disposition  to 
make  the  greatest  commercial  advantage  of  it.  He  cored  little  for  mere  money 
mekiiig.  The  excellence  of  his  steel  brought  him  reputation  and  business ; 
tod- what  came  in  this  way,  almost  unsought,  he  attended  to  with  care,  but 
he  B0ver  condescended  to  push  business  by  any  of  those  arts  which  are  now 
eo  eommon.  It  appears  that  about  the  year  1 770,  he  removed  to  AttercMe, 
b  the  parish  of  Sheffield,  where  the  business  has  ever  since  been  conducted. 
This  would  be  when  he  was  near  70  years  of  age,  and  six  years  before  his 
death  in  1776.    His  son  and  immediate  successor  attended  to  so  much  busi- 
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ness  as  the  well-desenred  repateiuNi  of  fke  rtaol  ham^^  to  Ua. 
much  exertion  on  his  own  part    Qna  Una  of  ooainrt  has 
Himtfimons  throughont,  and  ia'  aa  afadetij  obawnad  now  aa  at  aay 
period.    They  moke  steel  of  the  beat  qoalittf  CB^jf  .    The  difiaranoH 
the  process  as  Mr.  Huntsman  left  it  and  that  aoir  anplqjod,  and  ~ 
described,  lay  in  these  partieulan.    In  his  tiaaftp  and  maaj  yeaia 
only  one  crucible  was  put  into  the  famaca-hola— flow  two  aia  potin; 
pots  held  about  half  as  much  aa  thoaa  now  aaad. 

He  used  a  flux  said  to  be  of  biokan  botHfrgbaa,  not  with  Iha 
so  far  as  is  knomn,  that  it  would  in  vaj  way  improvia  tlia  ataal,  b«l  calff  li 
make  it  melt  more  readi]y.  Thoaa  who  fbllowad  him  impliffltjy,  wilkil 
knowing  why,  did  the  same,  bnt  others  invented  ftnzea  Sat  theinadtaa;  lal 
fifty  or  sixty  years  ago  *'  fluxing  the  pota**  waa  the  gnad  mjate^  eC 
steel  melters,  who,  considering  themadTsa  a  aort  of  ^<Cqpd»  would 
their  workmen  to  flux  the  potSyleaat  they  should  obtain  poaaeaaioB  off  the 
and  become  Adepti  also.  They,  thezefoce,  pexionned  that  oemmoB^  lor 
selves ;  but  in  process  of  time  it  waa  fimnd  that  ateel  would  aellfwy  vd 
without  any  flux  at  all,  and  the  praotioe  has  been  diacontimied  Itosuxf  J^^bbl 
Mr.  Huntsman's  process  was  long  kept  secret,  and  waa  only  xereskd, 
say  the  popular  traditions  of  Sheffield,  by  an  act  of  more  than  doubtfol  w/h 
rality  on  the  port  of  a  ri^-ol  manufiioturcr ;  for  the  Huntsmana  had  now 
become  leading  manufacturers  of  steel.  The  workmen  admitted  weze  pledgod 
to  secrecy,  and  every  care  was  taken  to  prevent  its  betrayal ;  but  it  WM 
betrayed  nevertheless. 

One  cold  wiutcr's  night,  while  the  snow  was  foiling  in  heavy  flakes,  sad 
all  was  darkness  and  gloom,  the  manufactory  at  Attercliffe  threw  its  red  f^Mn 
of  light  and  some  of  its  reflected  heat  on  the  neighbourhood,  and  on  sa 
object  of  tlie  most  abject  appearance  who  presented  himself  at  the  aitzanoe, 
praying  for  permission  to  share  the  warmtli  and  shelter  which  it  offend. 
The  humane  workmen  found  the  appeal  irresistible,  and  the  apparent  beggtf* 
man  was  permitted  to  take  up  his  quarters  in  a  warm  comer  of  the  bnildiD0i 
A  careful  examination  would  have  discovered  httle  real  sleep  in  the  dxovnie 
ness  which  seemed  to  overtake  the  stranger-visitor;  eagerly  did  he  wstflh 
every  movement  of  the  workmen,  while  they  went  through  the  opeiatiaiis  of 
the  newly-discovered  process.  He  observed,  first  of  all,  that  bara  of  blistered 
steel  were  broken  into  small  pieces,  two  or  three  inches  in  length,  and  placed 
in  crucibles  of  fire-clay.  When  nearly  full,  a  httle  green  glass  broken  inte 
small  fragments  was  spread  over  the  top,  and  the  whole  covered  over  with  a 
closely-fitting  cover.  The  crucibles  were  tiien  placed  in  a  furnace  previoas^ 
prepared  for  them ;  and  after  a  lapse  of  from  three  to  four  hoars,  daxiDg 
which  the  crucibles  were  examined  from  time  to  time,  to  see  that  the  nM 
was  thoroughly  melted  and  incorporated,  the  workmen  proceeded  to  lift  the 
crucible  from  its  place  in  the  furnace  by  means  of  tongs ;  and  its  meUea  coar 
tents,  blazing,  sparkling,  and  spurting,  was  poured  into  a  myonld  of  csitr 
iron  previously  prepared ;  here  it  was  suflered  to  cool,  while  the  cruflibhs 
were  again  filled,  and  the  process  repeated.    When  cool,  the  mould  waa  «b» 
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tnd  a  bar  of  cast-steel  presented  itself,  which  only  required  the  aid 
immerman  to  form  a  finished  bar  of  cast  steel. 

the  unauthorized  spectator  of  these  operations  efTeoted  his  escape 
detection,  tradition  does  not  say ;  but  it  teUs  us  that,  before  many 
lad  passed,  the  Huntsman  manufjEUjtory  at  Attercliffe  was  not  the  only 
re  cast-steel  was  produced.  However  that  may  be,  the  discoyery  of 
ur  Huntsman  led  to  enormous  results  for  Sheffield.     There  is  no 

country  where  Sheffield  steel  is  not  largely  used,  either  as  a  finished 
cutlery,  or  as  the  raw  material  for  some  home  manufacture. 
Olay  aaA  Pot  Kaking.— -The  best  clay  is  dark  gray,  approaching 
;  and  when  fresh  broken,  presents  a  yeiy  smooth  shining  surface, 
have  any  tinge  or  streak  of  yellow,  and  break  with  a  dull  fracture,  con- 
re,  and  are  mifit  for  the  purpose.  Before  suitable  clay  was  found  at 
gton,  Crawshaw-head,  and  Ashby-de-la-Zouch,  the  Stourbridge  clay 
Sheffield  four  guineas  a  ton :  it  now  costs  less  than  half;  and  that  found 
still  less.  The  clays  are  generally  used  mixed ;  they  should  be  care- 
pt  clean  and  dry.  When  nquired,  one  day's  make  is  put  into  a  tub 
)-trough  and  moistened  eqatltjf  kdd  upon  the  floor,  and  tempered 
ing  with  the  naked  feet,  first  in  one  dixection  then  in  another,  mov- 
feet  two  or  three  inches  at  a  time,  frequently  turning  it  over  with 

and  tiurowing  the  outsides  into  the  middle,  taking  care  that  the  whole 
Iden  equally.  This  labour  is  continued  six  or  seren  hours,  when  that 
ad  at  first  scarcely  any  adhesion,  becomes  a  tenadons  and  ductile 

The  pot-flask  or  mould,  and 
3  usually  in  the  form  shown  in 
The  pot-mould  is  of  cast-iron, 

0  ears  cast  upon  it  to  lift  it 
inside  is  the  shape  of  the  out- 

the  i>ot8 ;  it  is  turned  smooth, 
ipen  at  the  bottom  as  well  as 
ip.  There  is  a  loose  bottom  to 
lot  so  small  as  to  pass  through, 
las  a  hole  in  the  centre  three- 

1  of  an  inch  in  diameter, 
n  use,  it  stands  upon  a  low 
[ily  fixed  in  the  ground,  which 
)  a  hole  fiye  or  six  inches 

its  centre.  The  plug  which 
lie  inside  of  the  pot  is  of  lignum-yitaa ;  it  has  an  iron  centre, 
projects  through  it  about  five  inches,  corresponding  in  size  with 
e  at  the  bottom  of  the  mould.  The  clay  for  each  pot  is  weighed, 
rot  d4  lbs.  is  used  f&t  each,  which  is  moulded  upon  a  strong  bench 
horl  eyCnder.  The  inside  of  the  mould  having  been  well  oiled  with 
Hi  Ihe  clay  Is  dropped  into  it,  and  the  plug,  also  oiled,  is  forced 
>clmj;  w^iile  flie  projeeHon  finds  the  hole  in  the  loose  bottom  in  the 
if  the  mould,  which  guides  the  plug.    The  plug  is  driven  down  two  or 


Fig.  8. 
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threeinchesb^tlieblowiof  fthenrmiUatOB  thetopof  duinnhMl;  i 
then  taken  out,  to  be  oil«d  ^>in,  bf  pnttiBg  m  jiaeo  <tf  mimd  ina'ttni 
the  bole  in  the  iioa  bead  to  lift  hj,  ^ving  it,  at  tlw  gtma  tinw,  s  aoMr 
motion.  It  is  then  driren  by  the  mallet,  wfaila  Htg  olay,  ridag  mf  biti^ 
the  plug  and  the  monld,  reaohea  the  top.  The  olaf  is  oat  «v«n  iHA  ftti 
of  the  mould  with  a  knife,  and  the  plag  takan  out;  thapot  is  thflk'i 
rowed  at  the  top  bj  puairtg  the  knife  round  betireen  tt  and  tha-iai 
mould  several  times,  holding  it  inclined  towarda  its  centre.  73ia  ■• 
Id  now  taken  and  set  iiith  iU  loose  bottom  upon,  a  amall  post  fixel 
the  fioor,  and  the 
man  gcull;  allows 
the  weight  of  the 
moulJ  tu  rest  upou 
it,  ivliieh  puahes 
up  the  bottom 
with  the  pat  upon 
it ;  lud  the  hole  be- 
ing filled  nith  a 
bit  of  clay,  it  is  fin- 
iaheiL  ^VlleQ 
pots  are  Buffi- 
cient'ty  hnrd 
to  bear  Lnnd- 
liiig,  Iliey  are 
placal   Ui   dry 

U). 

shelves  again 
the     fluea 
the  funmre. 


. — The  form  of  the  melting  furnace,  and  the  diraotion  of  ft* 
fire  and  flae,  will  be  understood  from  the  accompan^ng  engnTinga,  V^l 
represents  the  section  of  a  ten-hole  melting  furnace,  Bhowingtha  dinetioBtf 
the  flues,  and  the  form  of  the  holes  when  about  half  woiil,  with  ons  lamtt 
the  pots  in  their  placea  ;  1  Ui  10  are  the  flues  of  the  mating  hoka,  «di  « 
of  which  is  caiiied  np  separately,  and  lined  witii  fire-biick  to  the  top; 
11,  an  open  fire-erate;  12,  the  annealing  grate,  closed  in  friMit  by  a  »* 
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metal  plate,  rather  broader  than  the  depth  of  the  mtllisg 
pots ;  AB  C  three  broad  bars  of  iioa.  bolted  to  others  at  tlie 
back  of  tlie  Sues  bj  crosa-barB,  to  tie  the  chinmej-Gtack 
firmly  ii^thcr. 

The  fomiB  of  the  furnaces  or  holes  are  represented  as 
thej  are  when  about  half  n-om.  When  they  become  so  wide 
as  to  nasto  the  coke,  the  whole  materials  of  the  old  melting- 
holes — repKBeiited  on  the  cross  seclion  as  occupying  a,  space 
of  3  feet  fl  inches,  by  3  feet  3  inchcB— -are  taken  out,  and  new 
ones  bnilt  of  a  kind  of  natural  faced  lire-stone  like  flags,  from 
9  to  4  inches  thick,  cut  into  pieces  7  or  »  inches  broad. 
These  usually  last  four  or  five  iveeks  before  they  want  re- 
moving. 

The  cross  section,  Fig.  A,  shows  the  position  in.  which  the 
two  pota  stand  in  the  hole,  and  the  cover  in  its  usual  posi- 

The  cover-frame  is  made  of  wrought-iron  S  inches  broad 
by  jtha  of  aJi  inch  thick.  A  large  fire-brick,  made  to  fit,  is 
held  in  its  place  by  the  movable  bar  of  iron  being  pressed 
against  it  by  two  screws.  The  handle  ia  of  round  iron,  about 
16  inches  long.  The  furnace  tops,  upon  which  the  cov 
rest,  are  of  caet-iron  an  iuch  tliick,  cast  in  tn-o  parts.  The 
plan,  Fig.  6,  is  a  common  arrangement  of  tlie  other  rooms 
connected  wiUi  a  melting  furnace.  The  two  troughs  in  Uio 
clay-place  are  for  wetting  the  clay  previously  to  temper- 
ing it. 

Some  manufactories,  instead  of  firc-stonc,  use  what  ia 
caUpd  gannister  or  galliard-stonc,  ground  :  or  the  dirt  &om 
off  such  roads  as  are  repaired  with  tlila  kind  of  stone.  In 
that  case,  wooden  moulds  are  used  of  the  form  of  the  fur- 
naces; and  the  ground  gannister,  moistened  with  water,  is 
put  round  the  mould,  which  is  then  drawn  out.    This  kind 
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of  stone  is  found  in  irregular  masses,  usually  with  fire-day  And 
shale.    It  is  argillaceous  and  Teiy  hard. 


Fig.  6. 

Melting  Steel. — ^The  preparations  for  melting  commence  the  aften 
{A  the  day  before,  by  making  a  coal-fire  upon  the  grate  adjoining  the  ana 
ing-grate.  The  annealing-grate  must  be  large  enough  to  hold  twiee  as  m 
pots  as  there  are  melting-holes  in  the  furnace.  If  that  number  be  ten,  twt 
pots  are  put  iuTerted  upon  the  annealing-grate,  and  the  fire  before  meniio 
put  down  the  spaces  between  them,  which  are  then  to  be  filled  up,  so  ai 
cover  the  pot  with  the  small  coke  riddled  from  among  the  coke  used  for  a 
ing ;  and  upon  these  again  the  pot-lids  are  laid.  This  is  done  in  order  to  ft 
the  pots  gently  heated  to  a  red-heat,  ready  for  next  moniing.  Each  pot  xe^ 
a  stand  and  a  lid,  as  represented  in  Fig.  7.  In  form,  the  stand  is  the  frusta 
of  a  cone  about  three  inches  high ;  and  as  upon  the  base  of  the  stand  the 
is  to  rest,  they  should  correspond  in  size.  The  stand  is  made  of  eoniKMii 
clay,  but  the  Ed  of  clay  the  same  as  the  pot ;  it  should  be  a  Utile  Inga 
diameter,  flat  on  the  under  side,  and  a  little  convex  on  the  i^per.  ' 
morning's  work  begins  by  putting  in  the  grate-bars,  which  had  hmsk  taken 
the  night  before  to  clear  the  furnaces  of  slag.  The  slag  and  ashes  aie 
moved  from  the  ash  pits.    Each  furnace  has  two  stands  placed  in  the  pn| 
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i  upon  the  Btnnda  two  potH,  coTBTod  wilh  Uieir 
ome  firp.  with  ft  litUe  coal,  and  soon  after ; 
ins  biimt  up.  BUfiicient  coke 
lOfc  and  pots  aro  at  a  white 
I,  TliQ  steel  having  been 
iided  purpogo,  ivoighirg  eay 
1  paua  of  iron  or  af*el  plate, 
ken  off,  EUid  the  lower  end 
g.  Tj  placed  OTer  the  pot, 
put  hy  one  man.  while  ono- 
ilccl  in  tlie  best  poBitinns  he 
The  lid  is  then  replaced ; 
in  the  some  miuiner,  the  fur- 

0  cover  pnt  doivn,  AH  the 
ne  way.  AftcnvnrdB,  as  tlio 
man.  as  he  goes  round  look- 

Uio  pots,  onlora  how  much 
mace.  While  tliis  is  going 
he  made.  Steel  has  to  Ira 
;xt  charge,  and  moulds  pre- 

tliosQ  to  bo  used  are  wiped  y^g^  j. 

ith  their  in  sides  domi  wards 
jttle  aboTo  Uie  floor;  then  a  shallowiron  dish 
^^^__  is  taken,  and  some  tar  poured 

~^  into  it,  and  fired,  by  having  a 

piece  of  liot  cnko  put  into  it ;  the 
en  lield  under  the  moulds,  and  moved  about, 
them  with  the  blazing  tar.  This  in  done  to 
le  steel  adliering :  oil,  or  anytliing  that  would 
ipous,  being  inadmifiBible.  Tiic  moulds  are 
jether  in  pairs,  with  two  strong  iron  hoopa 
,  fastened  by  driving  in  wedges  between  tho 

iiruace  have  ten  or  twelvo  holes,  two  of  the 
3  themselves  for  taking  out  the  pots,  by  QTJig 
r  tliickiicsses  of  Bnckclolh  upon  the  boat  part 
I,  from  above  tlio  knees  down  to,  and  so  as  to 
-nnts  of  the  shoes.  This  sacking  ia  made  quite 
ii^  n  eliort  apron,  and  a  kind  of  sleeve  of  the 
ing  the  httnd  and  arm  placed  lowest  and 
it  when  taken  out!  Before  the  steel  is  well 
^ars  to  be  in  a  state  of  ebulhtion ;  but  when  it 
:h  is  known  by  its  clear  snr&ce  and  its  resting 
hout  motion,  nnd  resembling,  in  ita  dazzling 

1  sun  ou  a  clear  day  more  than  anything 


Supposing  the  eteel  to  be  tor  tiltiug  iugots,  the  moulds  for  whici  are  n£»rlj 
three  feet  loi^,  two  of  tjio  maulda  ate  placed  in  a  bole  ia  the  floor,  made  cd 

purpose,  ahont  eiglileen  inches 

deep,   and    placed    slightly  in- 
clined.     All    being   ready   for 

"teeming,"    the   foreman    saja 

which  pots  Bra  to  bo  taken  out 

first ;  the  eoTer  of  the  furuuco 

ia  raised,  and   a   nun  wiUi  t 

pair  of  tongs  (Fig.  10)  clasps  the 

|)ot;   end,  ascertuning  that  it 

ia  not  taat  bj  slightly  moving 

it,  he  suddenly  stoops  domi,  and 

taking  lotrer  hold  of  the  tongs, 

raises  himself,  biinging  up  Uio 

pot  and  landing  it  on  the  edge  of 

the  hole ;  then,  by  a  swin^ 

motion,  lie  movea  it  to  a  metal 

plato  iu  the  floor,  where  the  slog. 

which  generally  adheres  about 

the  junction    of  the   pot   and 

stand,    now    firmly   onited,    ia 

dressed  off  by  a  long  heavy  rod 

of  steel,  shaped  at  the  end  like  a 
k  chisel.    The  force  required  to 
■  do  this  is  often  very  great, 
J  and  severely  tests  the  tens- 

city  of  the  pots,  which  at  / 

that  high  temperature  i 
t'  f-  suqirisiugly  gre-at,  for  they 
T  injured  by  tliis  rough  treatment.  The  pot  is  then 
moved  close  to  the  mould,  where  the  man  who  has  to  ponr 
the  steel  into  it  claapa  the  pot  round  the  middle  ivith  the 
tongs  (Fig.  0) ;  tlio  lid  ia  taken  off  by  tlie  man  who  drew  it 
out.  and  UiQ  Steel  poured  gently  into  Ihe  mould,  especially 
the  latter  part  of  it,  which  is  done  to  prevent  so  deep  a  liol- 
low  in  the  top  of  the  ingot  as  would  be  made  if  the  steel 
were  poured  in  too  rapidly.  The  steel  in  contact  with  the 
cold  mould  becomes  eoUd  almost  immediately,  while  that  in 
tlio  middle  contracts  as  it  loses  its  caloric :  and  the  alovr  "" 

pouring  ia  to  fill  the  hollow  tliua  occasioned,  and  prevent  waste.  'Wlul 
one  is  pouring,  another  man  afanda  with  a  rod  of  steel  in  his  hand,  res' 
to  stop  from  going  into  tlio  mould  any  scoria  which  may  float  upon  tb 
top  of  the  molted  steel,  of  which  there  ia  a  considerable  quantity  when  mi) 
ganese  haa  been  used,  but  little  or  none  where  good  eteol  has  been  melted /■ 
te.    As  soon  as  the  pot  is  empty,  the  lid  is  put  on,  ^n^  it  is  Kplaoedinll 
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umace ;  and  the  same  having  been  done  with  the  other  pots,  a  quantity  of 
ioke  is  pnt  in,  and  the  hole  covered.  When  one  man  has  taken  out  his 
;en  or  twelve  pots,  the  other  takes  out  his  number ;  and  each  hole,  as  the 
>ots  are  replaced,  receives  a  charge  of  coke,  and  is  covered. 

In  a  very  short  time,  two  moulds  filled  with  steel  may  be  taken  out,  and 
laid  down  with  their  upper  ends  supported  a  few  inches  above  the  floor,  upon 
some  old  moulds  laid  for  the  purpose  of  facilitating  the  knocking  off  the 
hoops  and  taking  out  the  ingots.  This  is  done  in  a  few  minutes  after  they 
are  cast,  and  they  are  then  carried  into  tlio  yard  to  cool. 

When  the  coke  put  into  the  holes  after  the  empty  pots  has  been  burned 
down,  so  as  not  to  be  higher  than  the  potUds,  a  fresh  charge  of  steel  is  put 
in,  and  the  former  process  repeated  a  second  and  a  third  time.  Attempts 
have  been  made  to  carry  it  to  a  fourth  round ;  but  this  has  been  abandoned, 
the  number  of  failing  pots  causing  it  to  be  attended  with  loss. 

General  Remazlu. — The  great  extent  to  wliich  cast-steel  is  now  used 
in  the  arts,  it  was  thought,  would  justify,  if  not  demand,  this  minuteness  of 
letail.  The  concluding  observations  will  be  more  general.  If  soft  and  hard 
ingots  of  best-marks  cast-steel  are  to  be  made  the  same  day,  the  soft  steel 
should  be  put  in  the  first  round  only,  for  it  requires  the  greatest  heat  and  the 
most  time,  and  should  be  done  while  tlie  pots  are  in  the  best  condition.  For 
the  same  reason,  if  heavy  and  light  ingots  have  to  be  made  of  the  same  steel 
as  for  saws,  the  heavy  should  be  in  the  first  round,  and  the  Hght  in  the  last. 

Cast-steel  may  be  made  directly  from  the  wrought-iron,  witliout  previously 
nndergoing  Uie  process  of  converting ;  and  when  that  is  done,  the  bar-iron  is 
cut  cold  into  bits  1^  or  2  inches  long  by  the  large  shears  of  a  rolling  mill. 
About  30  lbs.  of  these  bits,  with  some  charcoal,  are  put  into  each  melting  pot, 
the  quantity  of  charcoal  depending  upon  tlie  use  the  steel  is  intended  for.  If 
it  is  for  tools,  about  eight  ounces  will  be  a  proper  quantit}'.  This  metliod  of 
making  is  preferred  for  some  purposes,  but  is  not  adopted  extensively,  being 
rather  more  expensive  than  the  usual  method ;  for  the  cutting  of  the  iron 
X)sts  nearly  as  much  as  converting,  and  the  melting  requires  more  time,  more 
M>ke,  and  costs  more  in  other  respects. 

When  larger  ingots  than  one  pot  will  contain  are  wanted — 65lbs.  or  70  lbs., 
for  instance — ^moulds  made  to  hold  that  quantity  are  prepared.  Two  pots  are 
&ken  out,  their  lids  taken  ofif,  and  the  steel  of  one  pot  pom-ed  to  that  of  tlie 
)ther ;  then  the  pot  containing  the  whole  is  poured  into  the  mould.  This 
}eing  as  great  a  weight  as  can  be  poured  into  tlie  mould  from  one  pot,  when 
greater  weights  are  wanted,  say  120  lbs.  or  130  lbs.,  four  pots  are  taken  out, 
ind  the  steel  of  the  four  poured  into  two.  Then  two  men  take  them,  one 
itanding  on  each  side,  and  pour  the  steel  into  tlie  mould,  one  man  beginning 
»  pour  before  the  other  has  done — ^for  if  the  stream  be  stopped  the  ingot  will 
ae  spoiled ;  this  it  is  which  makes  it  so  difficult  to  cast  very  large  ingots  by 
Jie  English  method.  The  men  should  be  well  drilled,  so  tliat  each  may  know 
whai  he  has  to  do  and  when  to  do  it,  before  the  attempt  is  made ;  but,  not- 
pritfastanding  the  di$culty,  a  sound  ingot  requiring  about  sixty  pots  has 
been  made  in  this  way. 
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It  is  not  miatj  feus  mnce  no  ingots  of  c—i«iipl  vmn  nada  hi^ 
Aan  eoold  be  drawn  nndar  <be  hammer  of  the  duar-alsd  fiM^a;  lirt^i 
ingots  of  BeTCTBl  hnndrcdireigbts  eaeh  hare  been  made  Ibr  flia  jiafcBwit  rf 
marmc-cngiueR,  crank-pins,  and  other  pntposes,  fin^ea  bam  liaa  ■ 
apecial!]'  for  drawing  them,  witli  Bollatile  fnmaeea  fbrheattog,  Miiwaft 
for  mirving  them.  Some  of  the  hammerB  are  on  the  same  pdne^la.iad 
intho  BAmentiniier  as  thosooftheordinaiTiroti  forge;  andNuDTflt'ii 
hnounrr  is  b]bo  coming  into  uae,  the  fiiat  of  them  having  been  BDiMtfaMM 
work  at  Sheaf  Worka. 

About  four  tons  nf  hard  ooke  are  required  to  make  one  ton  of  eaitattd. 

Patented  Ptooeaaea. — A  method  of  nnHang  caat-ateel  to  iron  ma  |» 
tented  manj  jcars  ago  by  Mr.  Arnold  ^md,  whidi  waa  ingmiou,  and  m^ 
have  been  expected  to  become  eztenaiTelf  naeftil,  eapedallr  in  Qmw  oai 
which  rcquira  the  tinion  of  krge  anr&oea.  Some  diflloalUea  ■ttonded  it  li 
practice,  and  have  prevented  its  adoption  Ibr  each  and  an  Ow  arfid««^B» 
rated  in  his  ori^al  design.  It  haa  been,  however,  md  MOl  la,  oeea^tmBf 
naed  for  some  other  pnrposes ;  and  on  that  ftcconnt  a  short  deaoqition  dd 
be  given .  An  ingot  mould  is  to  be  prepared  as  for  caststeel  of  aneh  km  sal 
shape  ns  Uie  united  pii'cc  of  iron  and  steel  is  intended  to  prodnee.  Aptet 
of  nTonght  bon  is  to  lio  forged  so  ns  to  fill  that  part  of  the  mould  irtddH 
intended  to  bo  of  wronghtiron,  leaving  room  for  that  which  is  intended  to  h 
etecl.  Tho  steel  is  now  melleil  in  the  nsnal  waj ;  and  when  ready,  the  iKn. 
heated  to  a  welding  licet,  is  to  he  put  into  the  mould,  and  the  fluid  sted 
ponrcd  on  it.  Tlio  ingot  or  slab  tlins  fbnncd  may  aflerwanls  be  dian  bt 
hammering  or  rolling  to  tlic  size  required.  The  practical  diffienltiet  in 
principally  these  two: — Tlvo  siirfaceofivTonglitiron  at  a  welding  heat  oxidiMi 
so  mpidly,  tliet  when  tlio  oxide  is  cleaned  from  it  fts  well  as  it  can  be,  jari 
before  it  is  pnt  into  the  mould,  another  coot  of  oside  forms  npou  it  beftm 
tho  steel  can  ho  poured  in,  wliich  prevents  in  many  cOGeB  the  perfect  miim 
of  tho  two ;  when  thnt  happens,  Uie  material  is  spoiled  and  of  little  valna  tm 
any  purpose  wliatever.  The  other  difficnlty  Ucs  in  the  great  difElBrenee  in 
the  hardness  of  (he  two  at  tlie  temperature  proper  for  drawing  casteled, 
which  must  not  bo  exceeded,  or  the  steel  will  be  spoiled.  The  iron  extendB, 
by  reason  of  this,  so  much  faster  than  the  steel,  as  far  to  overlap  it,  ud 
occasions  mncli  waste  of  iron,  for  all  that  wliich  extends  beyond  the  steel  it 
cut  away  na  useless,  and  leaves  the  steel  thicker  than  the  proportion  it  nt 
intended  to  hear  to  the  iron :  while,  without  that  additional  disproportion,  thf 
imture  of  tho  process  requires  more  steel  to  bo  nsed  than  could  be  necesuy 
or  useful.  Thus,  snccess  being  donhtAil,  and  when  soccesnlU  wftstefnl,  Mr. 
Wild's  method  is  httle  used  Hard  and  soft  cast-steel  in  the  same  in^  can 
bo  made  by  a  method  somewhat  analogous  to  that  above  described  for  imitiBg 
iron  and  steel,  but  much  more  practicable  and  nsefnl,  which  wa>  amfi- 
monted  by  the  award  of  a  medal  to  Blake  and  Parkin  at  theOreatfldiilatJKi 
of  1651.  This  method  is  nsed  with  great  snccess  and  advantage  fimmUag 
such  articles  as  the  knives  of  tho  patent  paper-cntting  machines ;  mai**" 
plane  irons ;  the  knives  of  tobacco-cntting  machines ;  cork  knives ;  asA,  la 
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general,  for  anj  description  of  large  machine  knives  requiring  a  line  cutting 
edge  of  the  best  cast  steel,  with  a  back  of  a  softer  and,  without  detriment  to 
tho  utility  of  the  article,  cheaper  material. 

Suppose  it  is  required  to  make  an  ingot,  of  wliich  the  hard  cast-steel  shall 
only  cover  a  part  of  one  side — that  which  is  to  form  the  cutting  edge,  as  in 
paper  machine-knives  and  machine  plane-irons.    A  cross  section  of  the  mould 

y-- wiU  be  of  the  shape  represented  in  Fig.  11  for  the  soft 

N j   steel ;  and  a  parallelogram  for  tho  mould  in  which  the 

1   hard  steel  is  to  be  united  with  it :  this  last  should 


^- 11-  be  slightly  larger,  both  in  breadtli  and  thickness,  tlian 

the  other,  so  as  to  admit  of  the  soft  ingot  being  put  into  it  without  difficulty 
when  hot.  The  soft  steel  ingot  is  cast  first ;  and  as  soon  as  it  has  become 
solid  it  is  taken  out  of  its  own  mould  and  put  into  the  other  mould ;  and 
the  space  left,  which  is  tliat  included  by  tho  dotted  lines,  filled  with  hard 
cast-steeL  When  the  hard  steel  is  to  be  tlie  whole  breadth  of  the  ingot, 
it  will  easily  be  seen  that  two  moulds  must  be  provided,  tho  one  for  the 
soft  steel  a  little  narrower,  and  from  one-half  to  two-thirds  of  tlie  thickness 
of  the  union-mould.  When  the  hard  steel  is  to  occupy  tho  middle  space 
between  two  aides  of  soft  steel,  the  two  moulds  for  the  soft  steel  should  not 
exceed  in  thickness  one-third  of  the  thickness  of  that  in  which  tliey  are  to  be 
nnitcd.  Two  of  the  soft  ingots  must  be  cast  at  tlie  same  time,  taken  out 
and  plaoed  in  the  union-mould,  one  on  each  side,  and  tlie  hard  steel  poured 
in  between  them.  Another  useful  application  of  this  principle  may  be 
made  to  the  casting  of  ingots  for  piston- rods  of  steam  engines.  For  this 
purpose  a  round  or  octagon  ingot  may  be  cast  of  about  2^  or  3  inches 
diameter  of  soft  steel,  taken  out  as  soon  as  it  is  solidified  and  placed  in  the 
centre  of  another  mould  of  the  same  form,  of  4  or  4^  inches  diameter,  and  the 
hard  steel  immediately  poured  in.  It  is  scarcely  necessary  to  say  that  steel 
may  be  made  with  a  hard  centre  and  soft  externally,  by  reversing  the  last- 
named  process.  A  man  accustomed  to  this  kind  of  work  scarcely  ever  fails 
to  make  the  two  sorts  of  steel  perfectly  unite. 

Heath's  Fatent. — It  is  to  be  observed  that  throughout  this  process  the 
best  Swedish  iron,  or  iron  of  a  similar  compound,  is  required.  The  best 
Swedish  iron,  on  analysis,  presents  the  following  results : — 

Protoxide  of  iron 0878 

Carbon '84 

Silicon '12 

Arsenic '02 

Copper '07 

Manganese 07 


09'90 

From  this  analysis  it  will  bo  apparent  that  manganese  forms  an  ingre- 
dient in  Swedish  iron,  while  sulphur  and  phosphorus,  usually  in  combination 
I  with  them,  are  absent    Now  this  brings  us  to  a  point  in  the  lAASiM&ftlN^^ 
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of  steel,  alike  disgraoefol  to  the  pttteut  Inm  of  tUi  ooaatiy  md  whm  tf 
the  steel  manii&ctaren  of  Shefltold,  who  hsve  amdled  ttMBnhiS  of  fti 
loopholes  of  the  law  to  take  adinntage  of  tlie  psiniteft.    To  tdUkfaiOBBei 
of  steel  with  effect,  we  must  haTo  leoomio  to  Mir.  Didnnirs  ••HmMkii 
Words/'  where  the  story  is  told  in  a  forj  gr^hio  moimor; 
ever,  that  we  shall  sometimes  eondanoo  tiio  fiffftmnoUmi  U 
sometimes  quote  from  that  work;  and  at  otfaon  mrtH  imimUfm  of 
sources  of  information. 

Not  many  years  ago,  a  cifil  oerrant  of  flio  East  India  Conpny  m 
requested  hy  a  friend  to  obtain  for  him,  among  O0ior  lliiogi.  aona  ■JedhMfc 
for  boar  spears.     This  request  was  inado  to  Mr.  Jboiali  Maiahall  HmA, 
while  fuliillmg  his  duties  in  tho  interior  of  India;  and  toooB^ltf  viftUi 
friend's  wishes,  he  was  led  to  fisit  tiba  Indian  ated^narfca.    Bs 
struck  with  the  clumsiuass  jranoed  In  the  whole 
be  tolerated  by  a  man  naturally  qniok-wiltad.    Mr.  Healli 
enough ;  he  had  been  carefrilly  ednoated  for  the  Campaai^n  oMl 
went  to  his  post  so  well  versed  in  Oriental  litevatavs»  lliat  a  flaiiBBiK  Rt- 
fossorship  was  offered  to  him  beibre  he  had  attained  the  age  of  twentf-one. 

'  In  executing  his  friend's  commission,  Mr.  Heath  came  to  the  ccmclonoD  ;  | 
that  Southern  India  possessed  immense  capabiUtie^  for  carrying  on  the  iron 
and  steel  manufacture ;  and  from  that  time  he  prosecuted  an  energetie  r^ 
search.  Haunted  with  this  impression,  he  trarersed  the  Malabar  coast,  where 
he  discovered  mountains  of  iron  ore,  and  it  became  erident  to  him  that  IndiA 
could  supply  England  and  Europe  with  the  best  and  cheapest  steel-iron;  thit 
ships  at  that  time  paying  for  rubbish  to  bring  home  as  ballast,  nu^t  be 
ballasted  with  Indian  iron.  The  Indian  ores  were  pronounced,  howener,  lir 
experienced  metallurgists,  to  be  unmanageable.  Known  processes  could  not 
convert  them  into  marketable  steel  or  iron;  but  Mr.  Heath  was  not  to  be 
daunted.  In  183-3  he  become  the  founder  of  the  Indian  Iron  and  Steel 
Company,  and  probably  originated  the  investigations  which  are  at  tins 
moment  being  carried  on  under  official  directions  in  that  country.  In  order 
to  carry  out  tho  mission  with  which  he  had  charged  himself,  and  confident  d 
great  results,  Mr.  Heath  resigned  his  appointment,  and  devoted  his  piifite 
fortune  and  the  pension  granted  him  by  the  Company  to  traversing  the  eiilin 
western  coast  of  India ;  visiting  all  the  celebrated  iron  and  steel  woxks  intiie 
world,  including  those  in  Sweden ;  and  acquiring,  in  these  journeys,  a  frmi- 
liar  acquaintance  with  the  processes  of  iron  and  steel  manufacture ;  veri^fing 
old  and  prosecuting  new  experiments.  After  these  elaborate  and  oosClf 
researches,  he  found  himself  at  last  in  London,  with  his  resources  uttodj 
exhausted,  but  witli  his  object,  as  he  conceived,  perfectly  attained. 

In  1 830  he  took  out  a  patent ;  and  in  the  specification  he  briefly  describes 
the  nature  of  his  invention,  namely,  **  the  use  of  carburet  of  manganese  in 
any  process  for  the  conversion  of  iron  into  cast  steel  ;*'  but  it  does  not  qvpetr 
that  any  progress  was  made  in  its  application  till  1840,  when  Mr.  ]lfo& 
visited  Sheffield  for  the  purpose  of  introducing  his  invention  among  flie  bCmI 
manu&cturers.    This  discovery  is  said  to  have  changed  the  whole  aspect  d  i 
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he  Sheffield  steel  trade;  and  largely  increased  the  quantity  of  steel  pro- 
Laced. 

Bat  it  is  to  he  home  in  mind  that  the  smaller  amount  of  annual  produce 
iftd  gained  for  Sheffield  her  world-wide  reputation ;  wliile,  on  tlie  otlier 
land,  it  does  not  admit  of  much  douht  that  Mr.  Heath  s  invention  has 
peatly  contrihuted  to  destroy  this  well-earned  fame,  by  the  facihties  it  offers 
or  making  steel  of  an  inferior  material;  while  it  has  gained  for  her  the 
ipprohxinm  of  this  case,  in  which  many  respectable  names  must  share : 
ilthongh  the  invention  itself  is  said  to  be  valueless  to  tliem.  But  let  us 
noceed  with  the  story  as  told  by  the  writer  in  the  •'  Household  Words." 

Up  to  the  time  when  Mr.  Heath  visited  Sheffield  to  introduce  his  invcn- 
ion,  it  had  been  known  only  as  *  Heath's  powder '  at  the  steel  works ;  but, 
m.  this  occasion,  he  was  induced  to  communicate  to  bis  agent  that  equally 
$Dod  results  would  arise  from  merely  putting  the  ingredients, — ^namely,  a 
imall  per-centage  of  oxide  of  manganese  with  a  little  coal-tar, — ^into  tlie 
omcible  in  which  the  steel  was  to  be  fused ;  for  tlie  carburet  being  formed  at 
i  lower  temperature  than  is  required  to  melt  the  steel,  the  one  process  would 
mpare  the  way  for  the  other.  Mr.  Heath  thus  placed  in  the  hands  of  the 
igent,  instead  of  the  powdered  carburet  of  manganese,  which  was  secured  to 
lim  by  patent,  the  elements  of  which  it  was  composed. 

Intercourse  between  Mr.  Heath  and  the  Sheffield  manufacturers  was  for  a 
ime  intermpted.  But  one  luckless  day  he  discovered  that  Ms  rights  had 
>6en  invaded.  His  agent  had  established  steel  works,  and  was  engaged  in 
naking  steel  according  to  the  patent  process ;  and  from  that  time  to  the 
nresent,  steel  has  been  constantly  made  in  Sheffield  according  to  Heath's 
patent  process,  while  all  claim  to  remuneration  set  up  by  the  patentee  has 
been  utterly  denied.  "Well  may  the  writer  in  •*  Household  Words  "  ask — How 
am.  that  be  ?  One  point  in  litigation  we  have  already  indicated :  it  was 
nrhether  Mr.  Heath  as  a  patentee  was  not  bound  to  make  his  carburet  of 
manganese  outside  the  crucible  of  the  steel  manufacturer,  and  whether  the 
modification  he  afterwards  suggested  might  not  be  adopted  by  them  without 
legal  inMngement  of  his  patent  rights — a  most  miserable  quibble  on  the  real 
merits  of  the  case,  if  the  only  defence.  But  it  is  to  be  observed  that,  long 
before  Mr.  Heath's  patent  existed,  the  black  oxide  of  manganese  was  used  in 
c<mnection  with  charcoal ;  and  also  with  other  substances,  such  as  soda  and 
borax,  in  making  oast-steel.  The  patentee,  we  beUeve,  regarded  this  use  of 
the  oxide  as  an  infiringement  of  his  patent,  because  it  was  said  to  become 
carburet  in  the  melting-pot,  as  stated  above.  But  there  could  be  no  such 
infidngement,  since  it  was  used  in  more  than  one  manufactory  previous  to  1830 ; 
and  in  ''Qiaptal's  Chemistry,"  a  work  pubhshed  about  1815,  the  reader  is 
told  that  eight  parts  of  oxided  manganese  takes  up  by  a  gentle  heat  three 
parts  of  sulphur ;  and  at  page  292,  vol.  i.,  it  is  said  that  iron  may  be  separated 
from  manganese  by  the  greater  affinity  sulphuric  acid  has  for  the  manganese. 
This  led,  in  one  instance  at  least,  to  experiments  with  small  quantities  of 
yn^fwga^iiiiaA  in  mftlnwg  caststeel  before  Mr.  Heath's  process  was  known. 

The  OftBO    irhirh  is  one  of  the  many  which  bring  disgrace  on  the  English 


noent  Lanv— haa  been  dragged  ia  ft  conk  nmnd  «  Min  of  courts  In  !}>> 
fint  iuataace  it  wu  triad  before  L(nd,AiUii8ar  in  IUbo^  Xena  IK13,  «ka 
the  pUiatiff  waa  non-mitod.  It  mcagKiaUal  Initaik  ltM4.  iu  iLe  Court 
ol  Exchequer,  when  manj  delnnva  pi— Jt-^p  p,||,|  laiml  |iut  fiualijATcidia 
was  found  for  Heath  on  all  the  isnus. 

Thia  verdict,  atr&Dge  aa  it  maj  aeeiBtWna,  after  three  jeais'ccmadcia^ 
set  aside,  and  a  new  action  raiaed  in  Qi«  Court  of  Cominan  Heas,  snte 
orders  of  the  Conrt  of  Chancery,  which  waa  A  last  bi«d  in  HaraaitK.  19^ 
before  Mr.  Justice  CresawelL  That  iMBwdjadgs,  "oinUaLaClhl 
of  the  bench,  declared  Hiat  ha  coaU  lut, 
the  judgment  of  the  Conrt  of  Exeheqnffl^;  bnt  that  Im 
to  find  for  the  defendant,  and  the  plaintiff  woald  ttuB  ba  at  Sbv^laWl^ 
the  whole 

Will  the  result  of  this  tortaona  eouMflf  Htigattimt  turririeff  fliareidaf 
asks  Mr.  Dickens.  "Mr.  Heath  proeomd a sUl sft  th«<l»mtExhibitian(l 
1631 — arranged  with  his  own  tuud  his  ntra  nutallnrgio  wpgameDa;  M 
before  the  Exhibition  opened,  and  befora  his  ease  came  again  to  be  aigMli 
his  wear;  heart  censed  bonting.  Be  died !  leaving  lus  eacceasore  la  prae- 
cute  the  chdmB  they  derive  irom  him." 

How  far  this  iuvcntioa  bos  been  beneficicJ  to  the  stool 


mnj  be  considered  somewhnt  problematical.  That  it  has  largely 
the  trade  of  Sheffield  may  be  true :  that  it  hss  exhibited  a  grievona 
of  honournljla  dealing  on  the  part,  it  is  said,  of  some  aerenty  or  Mg  . 
holding  the  position  of  manaTaeturera  there,  may  be  equally  bo.  Sot  ths  ohb 
who  are  most  interested  in  upholding  the  chsmcter  of  Sheffield  steel  imb^ 
that  it  only  enables  the  inferior  monu&cturer  to  substitute  infarinr  aitidw— 
knives  and  axes  that  iviU  not  cat,  and  blades  on  which  no  reliance  csn  In 
placed — in  place  of  the  coststeel  prodnced  from  Swedish  iron,  and  othas 

ring  the  same  choructeristicB ;  and  who  furtlier  assert  that  no  mode  hss  yt 
been  discovered  of  coarorting  into  good  stael  the  conunon  iron  of  ftii 
country,  produced  by  the  ordinary  processes  in  nse. 

It  is  even  known,  moreover,  tliat  Mr,  Heath  was  not  very  ancceGsfal  in  his 
iTD  cxpoiiments :  for  he  hod  a  furnace  built  at  the  Fitsalan  Worics  imdtf 
is  own  directions,  for  the  purpose  of  gi-anulating  the  iron  hy  melting  sad 
letting  it  fall  into  water ;  much  as  is  done  by  Mr.  Bessemer,  Ciqit  Cchatiu, 

1  some  other  patentees  of  our  onu  day.  But  the  steel  made  by  hint  tss, 
when  his  own  plan  waa  followed,  in  every  respect  so  unsalia&ctoiy,  as  k) 
lead  to  the  abandonment  of  the  plan. 

Besaeaiex'a  Pataut. — The improvemonlii claimed  are.firBtly.inpnpaiiiig 
bo  iron  for  its  conversion  into  steel ;  for  which  purpose,  bar,  plate,  hoop,  or 
scrap  iron,  is  put  between  a  pair  of  "  shtling  rolls,"  whereby  they  are  etf 
into  narrow  strips,  which  ore  afterwards  put  croBswiBetbrongh  the  same  bA 

IS  to  cut  the  metal  into  small  pieces ;  a  revolving  cutter  or  other  anitsU* 
shearing  machine  may  also  be  used.  In  other  cases,  granulated  jmddlf^  ins 
s  used  in  lieu  of  the  small  piecesof  bar,  plate,  hoop,  or  scra|)  iron.;  thsmilil 
so  granulated  or  cut  will  then  be  in  a  condition  suitable  tat  ila 
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into  steel  by  the  process  of  cementation  with  charcoal  or  oilier  carbonaceous 
Bubstanoes  in  close  retorts,  tubes,  or  chambers,  placed  in  a  vertical  position, 
so  aa  to  admit  of  the  iron  and  charcoal  falling  tiirough  by  the  force  of  gravity 
whenever  the  lower  portion  of  the  vertical  column  of  materials  is  removed. 
The  upper  and  lower  parts  of  the  retorts  are  to  be  kept  cool,  by  placing  them 
in  a  tank  of  water  or  by  exposing  their  outer  surfaces  to  tiie  atmosphere, 
while  the  central  portion  is  exposed  to  a  red  heat  in  a  suitable  furnace  or 
oven.  The  parts  of  the  chamber  exposed  to  the  action  of  the  fire  should  be 
oanatnicted  of  fire-clay,  while  the  top  and  bottom  ends  of  tiio  retorts,  tubes, 
or  ehambers,  may  be  made  of  iron,  to  &cilitate  their  cooling.  Tlio  lower  ends 
of  the  retorts,  tubes,  or  chambers  are  pravided  with  sliders  or  stop-pieces 
below  the  tnbcs,  for  the  discharge  of  a  portion  of  the  materials  from  time  to 
time.  "When  a  portion  of  the  charge  of  materials  is  tiius  allowed  to  escape 
ficom  the  lower  ends  of  the  retorts,  a  fresh  portion  should  be  admitted  into 
the  upper  end,  and  thus  the  process  rendered  continuous  after  the  process  of 
cementation.  The  charcoal  may  be  separatcil  from  the  converted  iron  by 
allowing  the  mixed  materials  to  fsdl  into  water,  from  the  surface  of  which  the 
charcoal  may  be  removed.  Tlie  metal  so  treated  is  to  be  smelted  in  close 
pots  or  vessels,  from  which  the  atmosphere  and  vapours  of  Uie  fiunace  ore 
excluded  during  the  melting  process.  When  puddled,  scrap,  or  other  iron 
has  been  converted  into  steel  by  cementation  in  upright  retorts,  or  by  any 
other  means,  or  when  iron  has  been  partially  deprived  of  its  carbon  by  pud- 
dling, or  when  iron  bars  are  converted  into  blister- steel  by  cementation,  it  is 
melted  in  order  that  the  crude-steel  may  be  cast  into  ingots  for  the  purpose  of 
being  rolled  or  tilted  into  sheets,  bars,  or  rods,  or  in  order  tiiat  the  molten 
steel  may  be  run  into  moulds  for  the  production  of  various  articles  in  cast- 
Bteel  by  the  (bunding  process;  for  this  purpose  a  furnace  is  constructed, 
divided  into  a  number  of  compartments  or  chambers,  each  one  having  a 
■epairate  fire-grate  and  flue,  so  that  each  compartment  may  be  worked  inde- 
pendently of  the  other.  This  furnace  is  of  a  circular  form,  having  a  large 
cone  riaing  from  its  centre,  around  which  the  separate  compartments  are 
arranged ;  the  month  of  each  one  is'  on  a  level,  or  nearly  so,  with  the  floor  of 
the  foundry,  and  below  ground  is  a  large  "  cave,"  into  which  tiie  ash-pits  of 
the  aevezal  fire-grates  open,  and  by  means  of  which  the  workmen  get  access 
to  the  under  side  of  the  fire-grates ;  the  cave  serves  as  a  means  of  supplying 
air  to  the  furnace,  the  air  descending  through  gratings  in  tiie  foundry  floor. 
The  central  cone  ia  so  constructed  that  separate  flues  for  each  compartment 
of  the  fbmaoe  are  formed  in  the  thickness  of  its  walls :  tlie  central  part  is 
open  at  the  top  to  the  air,  and  the  space  within  the  cone  at  its  base  forms  the 
casting-pit,  in  which  the  moulds  are  placed ;  access  is  had  to  the  casting-pit 
through  an  arched  opening  on  one  side  of  the  cone.  Into  each  compartment 
of  the  furnace  a  fireclay  or  black-lead  melting-pot  is  placed,  raised  above  the 
fiie-ban  on  a  hollow  fixe- day  support;  the  pots  have  a  tapping-hole  in  the 
lower  party  which  may  be  stopped  up  with  damp  sand,  loam,  or  luting — having 
aeoess  to  it  through  the  hollow  support  of  the  pot  from  tiie  under  side  of  the 
fiie-bara;  the  tqvping-hole  is  placed  vertically,  but  when  placed  in  si  honzotL-  ^ 
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tal  direction,  the  lappiiig-hole  is  opened  by  intmditciiig  ft  rod  through  a  hole 
made  in  the  front  of  the  fanuLce  for  that  purpoM.  Tks  apper  part  at  thaprt 
has  a  dome,  having  a  central  hole  for  the  ping  to  pus  tfarongii,  and  antu 
more  feeding- holes,  mth  snitable.  plngB  to  o^Me  tbem  air-ti^t. 

The  cover  shonld  be  moontod  on  wheels,  and  bare  a  lim  or  flange  fiUang 
80  close  to  the  top  of  the  furnace  as  to  exolndft  th«  air  as  fitr  aa  poBSibb.  or  t 
Band-joint  maybe  foimed.  At  Ibe  back  of  tbe  aah^  of  eaeh 
there  la  an  opening  in  tiu  mil  of  the  oone,  tiuoa^  wliieli  tt  tte 
easting  an  iron  gutter  ia  plKoed,  Uned  vifllloaB,  oofl  flod  of  wdi 
placed  below  Oie  tap-hole  of  ome  of  Am  maltiii^fote,  mhii»  fka  i 

given,  the  iTorkmen  Bunnltaneonafy  <^at  Oie  t^piqgliolaa  of  «D  ■■; 

pots:  111 lull! ji  lliiiii  liii  iMjiiillj  iMii miiiiilaliiil  III  ■  liimleiMHn 

required.  When  sm^  oastiugB  anieqnired,  the  tajhliolodiacldfae 
with  a  long  fire-oU;  ping,  whioh  may  be  naed  •■  a  tbIt»  to  let  o«te»J 
met&l  as  is  required  at  a  time,  the  ^ng keeping  the  ta|>-)iale  rinttnntilaaMMr 
moold  is  ready.  In  order  to  obtiin  the  intense  heat  reqaieite  to  meltslaL 
good  hard  coke  may  be  placed  all  around  the  melting-pot,  and  also  over  the 
top  of  it,  so  that  it  may  bo  completely  enveloped  in  the  bnming  fuel.  Wlus 
a  mixture  of  iron  is  put  wiUi  the  steel,  the  iron  is  put  at  the  top  of  the  chaq* 
of  steel,  so  that  nheu  it  melts  it  may  ran  down  and  fill  the  intenticeB  he- 
tween  tlie  pieces  of  steel,  and  assjat  in  their  fosion. 

In  order  that  the  invention  may  be  carried  out  with  economy  in  db» 
liona  where  coke  is  more  expensive  than  coal  as  a  fuel,  the  folloniiig  k1u» 
tions  in  the  form  of  the  melting-vessels  and  furnace,  which  will  admit  of  tk 
nse  of  cool  in  its  raw  state,  is  used :  the  retorts  are  mode  with  closed  tops,  tn 
exclude  the  atmosphere  and  gases  of  the  furnace,  and  provided,  in  like  ran- 
ner,  with  tapping-holes  for  the  discharge  of  the  fluid  metal 

For  tills  purpose  a  fumooe  is  constructed  similar  in  form  to  the  eomiiKa 
roverberalory  furnace :  the  port  behind  the  fore-bridge  being  ocenpied  nib 
fire-clay  retorts,  placed  crosswise  of  the  fomace,  and  sapported  at  difoeat 
ports,  so  as  to  form  a.  Bcries  of  flues  beneath  them,  while  the  flame  is  allewej 
to  pass  over  and  envelop  them  as  mnch  as  possible.  The  retorts  halt 
closed  ends  and  tops,  with  the  exception  of  a  feeding  or  charging  hole  nMT 
the  upper  part,  and  a  small  tapping-hole  near  tlie  bottom,  which  is  to  be 
plugged  with  loam,  damp  sand,  or  a  ping  of  fire-clay,  during  the  melting  d 
the  materials,  after  which  the  tapping-holes  are  opened,  and  the  contenU  of 
the  melting-vessels  may  be  run  iuto  a  ladle  or  direct  into  the  mould ;  or  ih* 
after- port  of  the  furnace  maybe  so  formed  as  to  melt  down  the  iron,  orrecain 
a  charge  of  melted  iron  &om  another  furnace ;  and  the  steel  may,  in  Ibit 
case,  be  melted  alone,  and  be  afterwards  tapped  out  and  allowed  to  Bow  iato 
the  flnid  iron  in  the  after-part  of  the  furnace,  from  which  the  whole  may  be 
nm  into  moulds,  whereby  cast-steel  articles,  or  articles  of  a  mixture  at  tt»d 
and  iron,  may  be  produced. 

In  a  subsequent  speciQcatdon  Mr.  Bessemer  professes  to  nuike  Bted  of  ■ 
superior  quality  by  following  np  his  process  for  refining  emde-iroB  lij  tt* 
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process  already  described  in  n  fonnor  cliA[)toi'.  The  modiiied  process  by 
which  it  is  proposed  to  prepare  tlie  iron  for  conversion  into  steel  of  a  superior 
qiialitjtis  as  follows  :  He  proceeds,  in  the  first  place,  to  reiine  the  cnule  irnn. 
carrying  on  tlie  process  until  tlie  most  comidcto  refinement  has  been  eliectcd, 
and  the  iron  is  as  nearly  pure  as  may  be ;  ho  then  pours  the  fluid  iron  inti) 
water,  by  which  it  becomes  granulated,  and  the  grains  or  shot  so  produced 
are  afterwards  converted  into  steel  by  tlie  process  of  cementation  with  char- 
coal in  the  upright  retorts,  already  described.  The  blister-steel  so  produced 
is  melted  in  crucibles,  as  at  present  generally  practised  in  tlio  manufacture 
of  cast-steel,  or  by  any  other  suitable  means. 

IFchatinfl's  Process. — ^In  this  process  tlie  pig  iron  is  granulated  by  pour- 
ing it  while  in  a  molten  state  into  water,  and  it  is  then  in  the  best  state  for 
conTersion  into  cast  steel.  To  the  pig-iron  tlius  reduced,  pulverized  sparry 
izon  and  fine  clay  are  added ;  or  gray  oxide  of  manganese  may  be  used  instead 
of  the  latter.  This  mixture  is  pift  into  crucibles,  and  the  process  of  melting 
and  casting  is  proceeded  with  in  tlie  usual  way  for  i)roducing  cast-steel.  In 
order  to  obtain  the  harder  lands  of  steel,  charcoal  may  be  added  in  small 
qnantities  to  the  above-mentioned  combinations.  In  the  words  of  the  speci- 
fication of  the  patents,  tliis  process  is  founded  on  tlie  assumption,  that  cn^t- 
iron,  enwrapped  or  surrounded  by  any  oxygenized  materials,  and  subjected  t(> 
a  cementing  heat  for  a  given  time,  will  }'ield  up  a  portion  of  its  carbon,  wliicOi 
will  combine  witli  the  oxygen  driven  ofi'  from  the  surrounding  materials,  and 
form  carbonic  oxide  or  carbonic  acid  gas.  If  tho  operation  is  interrupted  I 
before  the  completion  of  the  process,  a  partially  decarbonized  iron  will  result. 
the  Bvaface  of  which  will  have  been  converted  into  a  pure  iron,  while  the 
interior  parts  remain  unchanged;  or,  in  other  words,  tlie  progress  of  the  j 
decarbonizing  action  Ttill  depend  on  tlie  amount  of  metallic  surface  brought  < 
into  contact  with  tho  oxygen-yielding  material  \rith  wdiich  the  iron  is  sur- 
rounded. In  order  to  expedite  tho  operation,  tlie  pig-iron  is  reduced  to  n  > 
granulated  state ;  and  to  economize  fuel  and  hibour,  the  heat  required  for  effect-  i 
ing  the  decarbonization  of  the  iron  is  used  to  reduce  the  metal,  when  sufHciently 
decarbonized,  to  a  molten  state,  and  thus  by  one  and  the  same  heating  to  convert 
it  into  cast-steel,  which  only  needs  to  be  forged  to  prex)are  it  for  the  market. 
The  granulated  iron  is  mixed  with  about  twenty  per  cent,  of  roasted  pulver- 
ized sparry  iron  ore  and  four  per  cent,  of  fire-clay ;  the  mixture  is  placed  in 
fire-clay  crucibles,  and  subjected  to  the  heat  of  a  cast-steel  blast- furnace  of  an 
ordinary  construction.  By  thus  subjecting  the  granules  of  iron  in  presence 
of  the  sparry  iron  ore  to  a  melting  heat,  the  enwrapping  oxides  will  first  eU'ect 
a  partial  decarbonization  of  the  granulated  iron,  which  decai'bonization  will 
be  limited  in  amount  according  to  tho  size  of  the  granules  operated  upon  : 
and  by  reason  of  the  continued  application  of  heat,  the  iron  will,  with  the 
asfdstonce  of  residues  of  the  sparry  iron  ore,  melt  and  separate  from  the  im- 
pniities  with  which  it  was  mixed,  and  bring  down  with  it  a  portion  of  the 
iron  contained  in  the  spany  iron  ore,  thereby  increasing  the  yield  of  cast- 
steel  by  about  six  per  cent. 

The  quality  of  the  steel  is  capable  of  being  by  this  proccsa  coi\9id&T^V:   \ 


3&1 


modified.  Thns,  Uio  filler  the  pig-iron  ia  grtumlated.  th«  Gi>fteji  nil.  b«  tbi 
Bteol  made  therefroia.  Itie  softer  aorta  of  welding  oast-«Uiel  ma;  be  dbuined 
bj  an  addition  of  good  wrouglit-iivn  in  small  pieces,  and  tlia  bardei  qua^^ 
bj  adding  cbarcoaj  in  TariooB  proportions  to  Um  beRge-mantioiied  miibtir 

Jt  would  be  foreign  to  our  piupoM«vwitoiiaBS«AAwn°'BaeapBtailal 
for  tliiH  interesting  ntanu&otora ;  «nattodi>MinMl4.iadMd,mare  thuiS 
Uie  apnea  wo  can  devoto  to  Uu  raldeab  Wa,  ft—dh— ,  eoateai  onisatw 
witb  nliat  may  be  considered  the  ntn  pnMuaant  patent  p<ocBBBei. 

Matn«al  >t*«L — Tlie  piinoipal  eonntriea  iriience  the  so^^alltd  nitml 
etcol  is  obluned,  are  situated  in  iit»  ncjni^  of  Tei;  pure  end  eaailj  fnsad 

n  ores ;  in  the  Centra  Alps,  S^ria,  Cwintlua ;  on  Uta  Sieg,  the  Muetlt, 
audtheSoane;  nnri  in  tbn  niti[rtibi'iirhi'fii  irf  thit  fftalilhm]g  nt  M'"'itit  ■'•^~ 
tliQ  Thuringian  forests ;  as  these  can  odI;  bs  pnAtalilj  mkad  irliere  diir 
coal  fuel  is  easily  obtained,  the  prodaetioa  ia  li—Hti  hjr  fcii  naounxa  of  lb 
leighbouring  forests.  Bealdes  the  prooMMfl  w*  «»  «l>oat  to  deaetili^  tj 
which,  from  the  excelleaca  of  the  ores,  steel  IB  obtaunad  I7 
the  pig-iron,  steel  ia  abo  obuined  to  varioiu  parts  of  Qarmanj  iy 

icesa.  Since  1800,  however,  converting-fomacea,  on  th«  most  uiqumw 
principles,  hare  boca  constructed  both  in  France  and  Gomianj;  and  it 
beat  judges  bear  teutimonj  to  an  Inunense  improvement  in  the  Bt«el  \aqii^ 
meuts  mnnu&cturod  iu  these  countries  since  the  Great  Exhibition  fear. 

The  various  methods  for  refining  raw  steel  in  Qenaajtj  depend  vfoa  lb 
nnture  of  the  iron  to  be  operated  upon;  tbej  tkro  described  aa  fbllon^ 
Dr.  Bnmo  Kerll.  to  whom  we  are  indebted  for  the  facts  tierein  stated. 

1.  Graj  raw-emelled  cast-iron,  of  a  light  liquid,  ooeors  in  Wea^bsS*! 
Silesia,  Konigsliiitte,  in  the  Haitx  Monntaina,  in  Nortli  Qeaaaay,  and  ii 
Sweden. 

2.  White  rough  smelted  cast-iron  (specular  iron)  ooonm  in  ^ego,  b 
Wcatem  Germniiy.  iu  Sweden,  and  is  used  in  some  French  fimodries.  "Bit 

a  differs  sligliUy  from  the  former,  so  fBr  as  is  required  for  the  tiMtaat 
of  specular  iron. 

3.  White  refined  CBst-iroQ,  which  has  been  £raed  from  a  portian  of  it*  HF 
bon  iu  its  preliminary  treatment.  This  occurs  in  Styria,  Caiintliia,  end  At 
Tyrol^at  least  iu  Nortliero  Styria  and  a  portion  of  Uie  TyroL 

According  to  the  South  German  method,  the  iron  is  firei  pnpaied  ii 
distinct  furnaces,  then  romelted  and  cast  into  ingots  or  pigs ;  while  in  KttA 
Germany  the  smelting  and  converting  process  takeaplnoe  in  tfae  aamefaziMii, 
and  answers  to  the  preliminary  preparation  of  the  Styriau  method.  Ih 
metal  thus  prepared  is  refined  into  ingots,  and  a  considerable  gain  in  tin 
and  fuel  results.  All  these  methods  produce  the  same  resulta  trfaere  the  irtt 
isofasimilarquohty;  and  the  higher  reputation  iu  which  tlie  South  Geraia 
lethod  stands,  is  chiefly  owing  to  the  superior  quoli^  of  the  wintTi.l 

In  the  working  of  gmy  rough -smelted  oastironof  a  slightly  fluid  ohuaata^ 
the  pigs  of  oast-iroo  are  fresh  warmed  at  tlie  mouUi  of  the  fania«e,  the*  gn- 
dually  melted  down  with  iron  slag,  the  blast  used  being  very 
and  the  fuel  suffered  to  bum  hollow.    When  the  iron  ~ 
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molten  fbnn,  the  blast  is  gradually  reduced ,  and  tlie  iron  Btirred  up  for  some 
time  with  more  dag,  until  it  becomes  rather  stiff.  In  tliis  manner  various 
lumps  of  cast-iron  are  smelted  down.  The  blast  is  now  set  to  work  \vith  great 
rapidity,  and  the  iron  is  stirred  round,  becoming  more  fluid  witli  the  increased 
heat.  If  the  steel  be  allowed  to  run  from  the  ^ag-holc  at  the  period  when  it 
becomes  fluid  at  the  surface,  the  result  is  tlie  so-termed  wild- steel,  which, 
while  excessively  hard,  possesses  no  malleability  or  capacity  for  welding,  and 
is  never  sought  after  for  the  wire-drawers.  If  the  mass  has  so  far  progressed 
that  the  cakes  settling  on  the  bottom  can  no  longer  be  pierced  by  the  poker, 
additional  lumps  of  cast-iron  are  thrown  in  as  described  above,  and  again 
sttrred  np.  On  smelting  a  new  pig,  the  mass  contained  in  the  furnace  is 
again  reduced  to  a  liquid  state,  in  order  tliat  the  steel  may  be  a  thoroughly 
homogeneous  mixture.  The  great  object  is  to  interrupt  the  process  at  the 
esact  moment  when  the  mass  begins  to  harden,  and  scales  attach  themselves 
to  the  crowbar.  The  blast  is  then  removed,  the  fuel  is  thrust  back,  the 
lumps  are  taken  out,  brouglit  under  the  forge-hammer,  broken  into  several 
pieces,  and  welded,  while  the  smelting  process  is  still  going  on  witli  other 
ingots. 

This  treatment  is  principally  employed  in  Westphalia  and  Silesia  for  gray 
cast-iron,  but  is  also  applied  to  the  white  iron  at  Uie  Konigshutte  in  the 
Hartz.  In  Westphalia  and  Upi>er  Silesia,  1  cwt.  of  raw  steel  requires  40 
Ptossian  cubic  feet  of  coals.  In  ordinary  cast-iron,  3  cwt.  generally  give  ii  cwt. 
of  steel ;  better  sorts  give  5  cwt.  from  7  cwt.  of  cast-iron ;  and  in  our  verj- 
"beat  varieties,  4  cwt.  of  raw  iron  give  3  cwt.  of  raw  steel.  The  weekly  produc- 
lion  of  a  furnace  will  amount  to  about  25  cwt.  At  Konigshiitte,  100  lbs.  of 
irhite  cast  iron  give  76-63  lbs.  of  raw  steel ;  and  100  lbs.  of  raw  steel  require  28-1 
cubic  feet  of  coals.  From  2  to  2}  cwts.  of  raw  iron  are  smelted  on  each  firing. 
In  the  Mark,  old  welding  iron  is  added,  by  which  the  refining  process  is 
mssiBted ;  but  the  result  is  an  absence  of  tliat  homogeneous  mixture  required  in 
llie  best  steel.  In  Styria,  the  gray  raw  iron  is  brought  to  a  white  heat  in  a 
pecnliar  closed  furnace,  and  is  then  suffered  to  run  off  in  a  molten  state 
through  a  tap. 

The  conversion  of  specular  iron  into  steel  is  also  effected  in  Siegen,  and 
tiie  process  only  differs  from  the  North  German  metliod  in  consequence  of 
llie  specular  iron  being  rendered  fluid  at  a  lower  degree  of  heat,  and  tbicken- 
ing  more  rapidly  than  the  otlier  ores.  Tlie  steel  produced  from  it  is  also 
more  homogeneous.  The  welded  bars  are  thrown,  wliile  still  at  a  red  heat, 
into  running  vrater,  being  thus  hardened  and  afterwards  broken  into  tliin 
bars,  by  which  two  sorts  of  steel  are  obtained — namely,  75  to  70  per  cent. 
of  hard,  brittle  steel,  and  24  to  25  per  cent,  of  a  softer  and  less  brittle  quality. 
100  lbs.  of  raw  steel  consume  about  17  cubic  feet  of  coals ;  and  one  fire  pro- 
dnoes  weekly  from  40  to  50  cwt.  of  steel. 

Two  methods  may  be  distinguished  in  working  white  refined  cast  iron 
containing  a  smaller  proportion  of  carbon.  In  the  Styrian  steel-forging  pro- 
cess emplojred  in  Northern  Styria,  at  St.  Gallen,  and  in  a  portion  of  the 
Tyrol ;  blooms  which  do  not  contain  too  much  carbon  are  placed,  without 


any  preliminaiy  working,  Bt  ft  coiiBdH«b]e  height  above  tlie  monld  n 
forge,  and  smelted  down,  with  &  blut  eiUi«i  lu(jli  or  low,  neeoiding  to  At 
n*tiire  of  the  iron. 

The  CAriuthitui  or  Bresci&n  steel  Eorgiiig  proeeas  im  <<T-Wiyii.h» 
the  StjTiui  method,  bj  iha  nuelted  oatiron  boing  tom  fads  (iMlB  it  Ai 
fnmocc,  these  being  Uien  roasted  by  tiw  BMul  ptoo—i,  and  Ah  v«Ai' 
ap  into  steel.  Through  these  preUmiiMiy  pntoataM,  iriikh  inUI  ^  I 
creased  expense  in  liring,  a  better  aitiels  it  pndnMd.  lAkb  k  Bot  |ianl 
reHncd,  but  merel;  heated  snd  drftwn  oolbj  tba  lumiiier. 

The  Carinthian  method  is  emplpjad,  vith  «  far  modifications,  in  & 
Paal  (in  Slyria)  i  whonoo  the  Breaekn  fi>c|^ng  i>  dirided  iitto  tfae  Cariottiiu 
proper  and  the  Paal  system.    Both  hSiTS  di«  proows  in  common,  the  pcc- 
portiou  of  unprepared  iron  boing  laiiger  in  the  Psal  than  ia  the  Caiiuiliiin 
metliod ;  and  in  the  aome  process,  th«  ingola,  irhioh  are  employed  to  ttiat  , 
the  cast  iron,  possess  a  higher  grade  of  lefinsment.    Furtfatmiare,  inlhelW  j 
method,  sU  the  ingots,  prior  to  welding,  are  dipped  into  raw  irom  m  a  lijiii 
slate  in  the  fomsee ;  and,  by  remai&mg  in  it,  ttie  ateel  gsina  both  in  Itftdn 
and  firmness.    By  the  Paal-Brescian  process,  Tarions  sorts  of  sted  i 
obtained,  which  are  distinguished  accordiug  to  their  quality  tuid  mould. 

Puddled  Bteel. — The  Gonnan  steel  oianufacturers  employ  the  pnddl 
rocesB  fee  rendering  their  product  available  for  many  purposes.  "Das  pv- 
jss  has  tliia  advantage  over  the  steel  smoltod  direct  bom  the  ore  01 
,  ig-irnn,  that,  by  a  sUghtly  modified  mampnlatiou,  harder  or  softer  steel  ch 
be  obtained.  ^Micn  a  fine  hard  quality  of  steel  is  required,  """I*-*  tsl 
cemented  steel  niuEt  be  employed,  the  puddled-steel  being  only  aniled  to  £1 
the  gap  wldoh  exiets  hetwcen  smelted-steel  and  paddled  bar-iron. 

In  steel  puddliug,  the  whole  mass  of  smelted  iron  ia  brought  into  et 
with  the  oxygen  by  repeatedly  stirring,  as  in  iron  puddling;  bo  that  st  lid 
the  smelted  portions  ore  capable  of  being  welded.  As  soon  aa  the  ircn  i*  ii 
a  liquid  state,  it  begins  to  rise,  and  refined  ingots  are  formed ;  the  tat^fU' 
and  pudd ling-holes  are  closed,  by  which  tlie  remaining  iron  is  prwipiistfil  to 
the  hearth,  where  it  is  covered  by  the  still  raw  slag.  The  decrease  of  tn- 
peratiu'e,  consequent  on  excluding  the  air,  soon  produces  such  a  considenUi 
degree  of  consistency  in  the  mass  of  metnl.  that  the  workroan  is  able  to  fco 
it  into  the  rcquirt^d  balls,  aitd  bring  it  under  Uie  liammer,  where  it  is  hin- 
mcred  into  the  required  slinpe.  The  uigot  thus  formed  is  again  he-ated.  a 
brought  to  the  proper  form  under  the  rollers.  In  these  operations,  the  d» 
osiditdngolTectsof  Uie  atmosphere  on  the  metal  are  to  be  avoided  asm 
possible. 

For  the  production  of  goad  steel,  the  slag,  after  the  stirring  is  conplelel 
should  be  in  such  a  state  of  combination,  that,  with  a  proper  He^ta  <i 
fluidity,  its  decarbonizing  effect  is  reduced  to  a  minimum.  By  the  employ- 
ment of  specular  iron,  which  melts  easily  to  a  finid  state,  the  metal  rotsins  ^ 
heat  in  the  iumoce  to  the  end  of  the  process,  while  the  addition  of  cold  it* 
slag  restores  it  to  Uio  proper  refining  temperature.    Less  dependent  lot  a» 

s  on  the  condition  of  tlio  added  slog  is  the  steel-pnddliag  proc«Bs  file  Wat 


jDAMASKBSMSD  STEEL.  367 


ing  np  honeycombed  iron,  which  contains  a  slight  proportion  of  manganese 
and  carbon. 

The  ingots  produced  in  the  puddhng-fnmace  are  either  refined  by 
fiftggoting,  as  before  described,  or  heated  to  a  welding  point,  and  rolled  or 
hammered  to  the  proper  dimensions. 

The  German  steel-puddling  furnaces  differ  from  the  bar-iron  puddling- 
fomaces  in  haying  a  rather  smaller  and  deeper  hearth,  a  tighter  closing  chim- 
ney, fewer  additions  of  raw  iron,  and  coarser  slag  fluxes.  For  the  better  pre- 
servation of  the  side- walls  of  the  puddlingstove,  the  iron  walls  are  provided 
viith  a  thick  water  circulation  (as  at  Oeisweide  in  Siegcn),  or  with  a  strong 
nsntnating  macliine  (as  at  Haspe  in  Westphalia) ;  and  the  sole-plates  are  two 
to  three  inches  thick,  for  the  purpose  of  quicker  cooling. 

In  steel-puddling,  the  duration  of  the  charge  is  somewhat  shorter  than  in 
ixom-puddling;  but  through  the  sUght  addition  of  slag,  the  repeated  repairs 
of  the  ground,  the  more  costly  fluxes,  &c.,  the  production  of  steel-ingots  is 
generally  more  expensive  than  that  of  forged  iron  pigs.  In  steel-puddling, 
the  main  point  is  that  the  woi^k  may  go  on  as  regularly  as  possible  from 
b^;inning  to  end,  that,  therefore,  the  smeltiug  and  refining  may  follow  regu- 
larly, and  that  the  refined  mass  may  be  removed  from  the  furnace  as  speedily 
as  possible.  For  this  purpose,  great  care  must  be  taken  not  to  add  different 
qualities  of  iron,  which  behave  differently  in  smelting  and  refining ;  for  in- 
stance, the  fluid  specular  iron  and  gray  iron  should  never  be  mixed  up  with 
Hie  white  honeycombed  iron,  which  assume  a  pasty  condition  in  the  furnace. 
By  the  addition  of  such  different  qualities  of  metal,  one  portion  of  the  iron 
would  be  undergoing  the  refining  process,  while  the  remaining  more  carbon- 
ized and  fluid  portion  still  remains  in  a  Uquid  form  in  the  furnace. 

The  object  of  steel-puddling  being  only  to  consume  a  portion  of  the  carbon 
Bontained  in  the  raw  iron,  is  principally  feu^ihtated  by  the  exclusion  of  air  at 
the  moment  when  the  still  remaining  carbon  is  sufficient  for  the  production 
af  steel.  In  Germany,  puddled-steel  is  not  employed  so  much  in  sharp 
weapons,  blades,  hard  instruments,  files,  pins,  and  saws,  as  in  the  rolled  out 
itate  for  steel  ornaments  and  fancy  articles  for  common  caststeel,  for  steel 
xxles,  winches,  tires,  &c. 

Bamaskeened  8t%«L — ^By  damaskeened  steel  is  meant  that  sort  of  steel 
which  receives  shades  of  a  darker  and  hghter  colour  after  the  surface  has 
been  corroded  with  acids :  it  is  remarkable  when  genuine  for  its  elasti- 
nty  and  strength,  and  for  its  homogeneous  fracture  when  broken.  We  dis- 
tinguish— 

1.  Natural  Damascus  steel,  which  comes  from  India  and  Persia,  and 
which  is  distinguished  by  its  excellent  quaUty  and  mixed  veining,  and  is 
worked  up  principally  into  sword- blades.  These  Oriental  blades  consist  of  a 
more  highly  carburetted  steel  than  any  European  manufacture  seems  to 
possess,  and  in  which,  by  skilful  cooling,  a  division  of  two  different  carburets 
has  taken  place.  This  separation  is  clearly  visible  on  corrosion  with  acids, 
as  the  parts  exposed  to  the  action  of  the  acid  are  deepened  and  dyed  by  the 
exposnra  of  the  carbon,  and  with  the  other  less  affected,  and  consequently 
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brighter  paxta,  produoe  a  deBigo,  taort  or  Uaa  tialinafa,  at  gsay  sad  vHk 

lines,  which  often  have  a  certain  degree  of  ngnlari^. 

between  paraDel  striping  or  waving  fiiiM,  and  immA  dMHWikMBfaig. 

If  the  oaat-flteel  is  mada  in  iron         "  .    —       - 

do  not  take  place.    By  re-welding  i 
losCB  ita  pattern.    The  Indian  Woobs,  •■ 
contains  foreign  Babatancea  mixjad  witfa  Ib-^B  akfal, 
mongiuieae — which  are  said  to  impart  tha  paoaUar  -nJae  to  1L 

Few  European  Biniths  hare  h  "  "  "  '  ~   "* 

they  do  not  accurately  know  the 
eonseqaonoe  of  the  large  amonnt  of 

can  onlj- be  effected  within  certain  (finurtia  limito :  iftooU^K' 
is  exhibited,  it  brealu  to  piooaa  under  Am  hCTHwr :  if  too  low.  it 
hard  and  brittle  oharaeter.    "Bta  iron  ^paan  ^apcmtA  to  leoffire  a  onaiv 
able  qnontity  of  carbon,  throiif^  the  mam^inaii  ootnbbiatlan. 

a.  Artificial  damaakeened  itad.  Attonrpta  barabevn  made,  with  nito 
leas  HncceflB,  to  imitate theraaldamaatoening,  and  OieibllaiwiiigmeUio&bM 
been  Biif^eeted : — 

Lnjnes  entirely  imitated  the  Indian  process ;  smelting  soft  iron  litt 
charcofll,  tang8tat«of  iron,  nickel  and  manganese,  waabigh^BnccenfoL  I^  j 
man^Rjiese.  more  espcciallf.  prodaeed  damaskeened  steel,  and  introdawj* 
large  qnantit;  of  carbon,  willi oat  injuring  its  malleatnlitj. 

Prcnnt  prodncea  a  moat  Tslnable  damask,  very  dosalj  resonhEng  A* 
real,  br  smelting  one  hundred  partsef  ironwiUitwopartaof  lamp-Uack,*)} 
■melting  cnst-iron  with  oxidized  iron-filings. 

Clonct,  Hflchctte,  and  Mille,  smelt  iron  plates  of  dififerent  nateiea,  bato 
and  sodcr.  together,  and  prodnce  a  damaak  remarkable  tor  ita  elaatieitf  *d 
hardness,  but  not  having  the  vavy  damaskeening  of  the  real  blades. 
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CHAPTER  XVin. 

tkPPLICATION   OF  STEEL  TO   VARIOUS  PUBPOSES,  AND  THE   METHOD   OV 
HARDENIMO  AND   TEMPEBINO  APPLICABLE   TO   EACH. 

are  few  thii^  of  which  it  is  more  difficult  to  understand  the  rationale 
udening  steel ;  or  why  the  same  operation,  of  heating  red  hot  and 
g  into  a  cold  fluid,  which  hardens  steel,  should  soften  copper. 
16  persons  wiU  explain  everything,. whether  they  understand  it  or  not, 
this  also  have  they  found,  in  their  own  imaginations,  a  perfectly  satis- 
answer,  and  cut  the  difficulty  hy  saying  steel  is  condensed  hy  the  opera- 
at,  unfortunately  for  their  Uieory,  the  reverse  is  the  fact ;  and  instead 
[  condensed,  it  is  expanded  by  hardening,  as  any  one  may  soon  satisfy 
by  taking  a  piece  of  steel  as  it  leaves  the  forge  or  anvil,  and  fitting  it 
into  a  gauge,  or  between  two  fixed  points,  and  then  hardening  it ;  it 
a  be  found  that  the  steel  will  not  now  go  into  the  gauge  or  between  the 
lints.  Or  let  him  rivet  together  a  piece  of  steel  to  a  piece  of  iron, 
le  ends  of  both  even,  so  that  they  may  be  exactly  the  same  length ; 
at  ihem  to  a  proper  heat  to  harden  the  steel,  and  plunge  them  into 
le  will  find  the  expansive  force  of  the  steel  has  nearly  torn  the  rivets 
I  that  it  extends  beyond  the  iron  at  both  ends.  Any  article  may  bo 
ith  steel  on  one  surface  and  iron  on  the  other — such  as  a  joiner's 
on  in  the  forged  state — flat  on  both  surfaces,  and  hardened ;  and  the 
on  of  the  steel  will  cause  that  side  to  be  convex,  and  the  iron  side  con- 
Low  this  is  got  flat  again  will  be  explained  afterwards, 
steel  expands  in  hardening;  but  that  the  most  which  is  most  highly 
sd,  and  in  direct  proportion  to  the  amount  of  carbon  it  received  in  that 
.  No  otlier  general  rule  can  be  given  for  the  heating  of  steel  for 
ng  than  this ;  that  it  should  in  all  cases  be  heated  as  regularly  as 
I  to  the  lowest  temperature  at  which  that  particular  kind  of  steel  will 
and  as  little  as  possible  beyond  it,  remembering  that  tlie  more  highly 
3d  the  steel  is,  the  lower  the  temperature  at  which  it  will  harden ; 
t  a  small  article,  such  as  a  penknife-blade,  will  harden  at  a  lower  tem- 
3  than  a  more  bulky  one  made  of  the  same  steel,  because  the  small 
s  more  suddenly  cooled.  The  hardening  of  very  bulky  articles,  such 
Eice  of  an  anvil,  cannot  be  effected  in  the  same  way  as  smaller  articles, 
ging  them  into  water ;  for  the  length  of  time  required  in  cooling  will 
st  certain  to  leave  the  middle  of  the  face  soft,  where  it  is  of  the  most 
lence  that  it  should  be  hard.  "Where  the  anvil-forge  is  worked  by 
3wer,  they  possess  the  best  means  of  hardening  them,  which  is  this. 
nit  properly  heated,  should  be  placed  in  a  water-tank  fiaoo  upwards, 
\  shuttle  coimected  with  the  mill-dam ;  the  shuttle  drawn,  and  a 
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heavy  and  contmuous  Btream  of  water  let  fidl  froni  a  heighft  often  or 
feet  upon  the  anvil-fEUse,  which  effeetoally  hahJena  the  mitfroe. 

A  red-hot  anvil  plunged  into  water,  would,  for  a  time,  be  nnoiin 
an  atmosphere  of  steam,  which  wonld  prevent  its  direct  coutaet  wi 
cold  water,  whereby  its  cooliDg  woidd  be  xetarded  too  mndi  to  han 
face ;  and  hence  the  advantage  of  a  contmooiui  Btieain  of  cold  water. 
also  the  necessity  of  moving  aboat  in  the  water  wnat  aitielM  of  a  po 
two  in  weight,  to  remove  them  away  from  the  ataam  aa  it  is  ganeiate 
their  snrfiei^,  and  thns  promote  more  rapid  cooling. 

It  is  a  good  plan  to  harden  hammerfiioeB,  where  there  k  atnb  and 
tap  conveniently  near,  by  plnnging  the  red-hot  hammer/ bald  with  i 
upwards,  into  the  water,  so  that  a  stream  from  the  iap  ma^  fidl  iiponi 
The  fiEice  of  hammers  and  aovila  is  groond  after  bemg  bavdened,  bat 
never  he  tempered. 

A  very  large  qoantity  of  steel  is  used  lior  fflb^nailmig;  and,  wA 
memory  of  persons  now  living,  great  ehangee  have  been  made  intiieb 
tlie  application  of  different  kinds  of  steel,  and  also  in  the  mode  of  pn 
it  for  the  purpose.  It  is  only  about  eighty  years  since  large  files  wen 
from  the  blister-bars,  without  previous  tilting  or  rolling.  At  that  tii 
men  used  to  slit  the  bars  with  a  set  into  two,  three,  or  four,  according 
size  of  the  bars  and  the  files  to  be  made :  they  were  paid  for  the  mail 
what  was  called  day-work,  for  at  that  time  it  actually  required  a 
make  the  quantity  known  by  the  designation  4|  dozen  of  10  inches,  4 
11  inches,  3  dozen  12  inches,  2  dozen  of  13  or  14  inches,  H  dozen  15  i 
1  dozen  16  inclics,  were  a  day-work ;  but  all  were  not  paid  the  same  pi 
making.  The  file-forgers  continued  to  be  paid  by  the  quantities  above mex 
long  after  tilting-hommers,  by  drawing  the  bars  to  the  sizes  required, 
facilitated  the  work,  that  three  or  four  times  the  quantily  could  be  fotg 
day  that  was  made  formerly.  At  the  commencement  of  this  century,  i 
about  twenty  years  afterwards,  the  materials  used  by  the  best  mah 
double-hand  work — that  is,  for  files  ten  inches  and  upwards — was  i 
marks  blister-steel,  such  as  OF,  gridiron,  Steinbuck,  S  and  dots,  for  bosi 
by  which  is  meant  such  kinds  as  require  a  swage  or  boss  to  fbzm  ti 
half-round  and  three-square  files  ;  flat  work  was  made  principally  of  C 
S  and  dots,  and  Steinbuck.  The  smaller  kinds  only  and  saw-files  were 
of  cast-steel  at  the  ordinary  list  prices;  when  large-sized  cast-stee 
were  required,  they  were  charged  one-third  more  than  the  commoi 
prices.  But  it  must  not  be  supposed  that  the  cast-steel  then  used,  lor 
this  extra  price  was  charged,  was  the  same  in  quality  as  that  now  in  oo 
use  by  the  file-makers ;  it  was  very  superior  to  it,  bdng  made  of  the  be 
second  marks  only.  At  the  period  referred  to,  roUed  steel  bad  soaiee^y 
into  use  at  all  for  file-making,  the  makers  being  of  opinion  that  sled  < 
under  the  tilt-hammer  was  much  better  adapted :  they  therefore  baitb 
for  half  round,  drawn  the  same  as  for  flat  files,  and  afterwards  brauq^tii 
half-round  fonn  in  bosses  (more  generally  known  in  other  places  hjlkt. 
of  swages).    Three-square  or  triangular  files  were  made  of  nqqan  siM 


BOLLED  BTEEL  FOR  FILES. 


371 


putting  one  angle  down^vards  in  a  triangular  swage,  or,  more  properly,  one 
forming  an  angle  of  120°,  and  hammering  upon  the  upper  angle  of  the  steel, 
wliile  the  proper  form  was  nearly  attained,  then  placing  each  angle  down- 
ward in  turn,  and  hammering  upon  the  upper  side  until  all  the  angles  were 
brought  sliarp  up,  and  the  equilateral  triangular  shax)e  attained.  Round  files 
Also  were  made  of  square  steel,  tlic  points  being  drawn  square  as  for  square 
files ;  the  angles  were  tlien  knocked  down,  tlius  making  Uie  steel  octangular. 
If  this  were  well  and  regularly  done,  tlio  round  file  was  nearly  maile ;  but  any 
iknlt  up  to  tliis  point  could  not  be  well  repaired  after  the  hammer  had  gone 
down  the  angles  to  make  it  sixteen-sided ;  in  this  state  it  was  left  for  tho 
grinder  to  do  the  rest,  as  no  swages  were  used  by  tho  forger. 

Triangular  rolled  steel  begun  to  be  used  for  largo  throe  square  files  about 
tho  year  1824 ;  and  the  immediate  cause  of  the  change  was  this : — ^About  that 
time  lace-making  macliines  began  to  be  made  extensively  at  Nottingham,  for 
which  three-square  files,  from  fourteen  to  sixteen  inches,  were  required,  simi- 
lar to  tlie  Uiirteen  inch  files,  which  had  long  been  used  in  making  stocking- 
frames.  Making  these  large  three-square  files  was  uupoi^ular  with  the  men : 
the  labour  was  much  greater,  they  were  less  productive  to  the  workman  than 
common  work ;  and  tlie  unusual  demand  coming  at  a  time  when  otlier  work 
was  abundant,  the  demand  could  not  be  mot.  Rolls  wore,  therefore,  turned  for 
this  particular  work  for  tho  first  tune.  The  lower  roll  has  grooves  turned  in 
ife,  forming  two  sides  of  an  equilatei-al  triangle ;  and  the  third  side  is  made  by 
the  plain  roll  which  works  over  it.    Tliis  altogether  altered  file- making. 

Stool  prepared  in  this  manner  made  the  Uiickest  part  of  the  file,  wliich 
had  been  the  hardest  work,  into  the  easiest.  The  men  soon  refused  to  work 
anything  but  three-square  steel.  Smaller  sizes  were  then  introduced,  and  arc 
now  used  universally  for  all  but  small  sizes  of  saw- files ;  and  when  square 
steel  is  used  for  them,  an  extra  price  must  be  given  to  the  forger.  Steel 
began  to  be  rolled  about  the  same  time  for  half  round  files.  Tlie  first  rolls 
were  made  to  form  the  steel,  so  that  a  cross  section  of  it  would  be  bounded 
by  two  arcs  of  circles  of  different  radius  (Fig.  12) ;  ^^,srrss55:F|^sT5?^ 
fiir  it  woa  thought  that  if  the  steel  wore  rolled  "  ^-^^^ 
qoite  flat  upon  one  side,  a  point  could  not  bo 
drawn  without  tlie  edges  of  tho  steel  being  .  ^'^e-  ^3. 
doubled  over  to  tlie  flat  side ;  but  it  was  soon  found  to  bo  easy  to  prevent 
this,  by  placing  that  part  of  tho  steel  which  is  to  bo  drawn  to  a  point,  with 
the  flat  ude  downward,  in  tho  half-round  boss  or  swage,  and  giving  it  a 
blow  or  two  with  the  hand-hammer  to  turn  the  edges  towards  the  back.  .  The 

steel  is  now  rolled  to  the  segment  of  a  circle 
(Fig.  13),  produced  at  the  rolling-mill  by  turn- 
ing grooYOS  the  width  and  depth  required  in 
^'  ^''  the  lower  roll,  with  a  plain  roll  over.    Steel  for 

nmnd  files  is  now  rolled  round,  and  a  very  largo  proportion  of  the  steel  for  flat 
Am  is  rolled  slao.  The  reason  of  the  preference  formerly  given  to  tilted  over 
TnHed  steel  was,  that  tilted  steel  appeared  much  finer  and  closer  grained 
.iriien  broken  thfw  that  which  was  rolled;   and  this  differenfi^  ia  T&»t^ 
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espocially  manifest  when  blister-steel  is  the  suljeet  of  flie  oompaiisoiL  Bit 
tlio  objection  af^ainst  rolling  of  the  greatest  weight  lay  in  the  maimer  of 
heating  at  rolling-mills,  where  three,  fonr,  or  five  himdredweight  of  sfeed 
would  be  put  into  tlic  fire  at  once,  and  the  whole  heated  to  the  wosldnglieit 
before  the  rolling  of  it  would  commence,  80  that  the  last  of  it  wonld  lie  in 
the  fire,  perhaps,  lialf  an-hour  at  a  higher  temperature  than  anch  ateel  cn^ 
ever  to  receive  before  it  was  rolled,  to  the  great  injiuy  of  its  qnality:  iiiSk 
ill  a  tilt,  though  one  or  two  hundredweight  of  hara  may  be  put  into  what  is 
called  the  smokchole,  they  can  there  only  be  heated  to  a  low  zed-heat; 
whence  they  are  taken  one  by  one,  heated  quickly  in  the  blast  of  tiia 
i  hollow  fire  to  the  working  temperature,  and  tilted  within  one  minute  of  their 
becoming  hot  enough. 

But.  it  may  bo  justly  said,  rolling  must  have  some  adyantages  orer  tiZtiB^ 
or  rolled-steel  would  not  be  used  where  tilted  would  answer  the  jmrjoat- 
The  advantages  of  rolling  are  these : — Bods  of  steel  can  be  made  more  ex- 
actly of  the  same  breadth  and  thickness,  firom  end  to  end,  by  rolling  fliinii 
attainable  by  tilting.  They  can  also  be  rolled  of  greater  length  thnntbcT  I 
can  1)0  tilted ;  nnd,  since  ends  too  short  to  make  a  file  of  the  size  the  steel  was  ' 
intended  f«.>r  are  never  drawn  dowii  bv  the  workman  to  a  file  of  a  less  size, 
nor  arc  two  ends  welded  together,  as  was  the  case  formerly,  it  is  an  advantage  I 
to  have  as  few  ends  of  bars  as  possilde.  The  third  and  last  advantage  of  j 
rolling  is,  that  it  is  about  '20  per  cent,  cheaper  than  tiltinpf.  ■ 

Ilnlf-a  conturj'  ago,  tlio  gi-eatest  customers  of  the  file-makers  were  the  j 
ironmongors,  and  their  customers  the  smiths,  who,  when  a  file  was  woni  ont,  | 
could  use  it  to  steel  horse-si loes,  a  plough-share,  or  an  axe,  or  to  make  a  j 
chisel  or  sonio  other  tool ;  and  in  some  such  way  most  of  tlie  old  filca  got 
usod  up,  without  being  seen  or  coming  into  the  hands  of  the  file-maker  again. 
But  as  niochanical  invention  and  the  use  of  machines  greatly  increased,  tie 
millwright,  engineering,  and  machme  makhig  establishments  became  the 
great  c(insumers  of  files  and  of  tools  made  of  steel ;  and  not  having  the  same  j 
use  for  tlic  old  files,  and  worn-out  tools,  as  the  smiths,  the  engineers  sell 
them  as  scrap-steel,  to  bo  worked  over  again  by  the  persons  of  whom  the 
files  and  steel  were  purchased  at  fii*st.    The  increase  of  such  old  steel  began 
to  bo  vciy  manifest,  ^bout  the  time  that  commoner  and  lower-priced  Swedish 
irons,  at  j£h  or  £H)  per  ton,  began  to  bo  introduced,  which  was  abont  1?38; 
and  the  readiest  way  which  presented  itself  of  using  up  this  scrap  steel  was 
to  make  common  cost  steel  of  it,  by  melting  it  with  hard  converted  common 
Swedish  blist^r-stecl,  and  so  making  it  into  files  again.     In  this  way  the  files 
would  cost  littlo  more  (tlic  advantage  of  having  fewer  wasters  taken  into 
account)  than  those  made  of  the  higher  quaHtics  of  blister-steel,  the  difference 
in  the  cost  of  tlie  material  being  nearly  suflicicnt  to  pay  the  cost  of  the 
melting. 

The  same  causes  continue  to  operate,  so  tliat  the  actual  quantitT 
of  cast-steel  files  has  been  greatly  on  the  increase  of  late  years ;  and  scarcelj' 
any  other  kind  is  supplied  to  engineers,  machine-makers,  and  iron-fbunders. 
or  for  the  American  and  Continental  markets,  than  this  scrap-steel  yieWs. 
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[t  is  not  iutended  to  enter  further  into  a  description  of  file -making,  than  may 
be,  necessary  for  the  purpose  of  understanding  what  are  the  different  soils  of 
Bteel  used,  and  the  proper  treatment  of  them.  Bhster-stcel  will  bear  a  greater 
heat  when  forged  than  cast-steel,  without  injury.  When  files,  after  beiug 
forged,  are  heated  red-hot,  and  cooled  slowly  to  anneal  tliem,  so  that  Uiey 
may  be  soft  enough  to  be  cut,  care  should  be  taken  that  tliey  are  never 
made  too  hot,  nor  continued  at  tlie  full  heat  for  any  length  of  tunc  after  they 
liave  arrived  at  it,  for  that  is  almost  as  injurious  to  the  stool.  The  latter 
is  the  danger  most  to  be  dreaded  when  tlie  files  are  annealed  in  close  vessels, 
which  some  recommend  to  prevent  oxidation ;  for  tlie  files  being  out  of  the 
view  of  the  person  in  charge  of  the  furnace,  he  is  not  so  able  to  judge  when 
he  onght  to  stop  the  heating,  as  when  the  files  can  be  seen  by  him  when  he 
wishes,  which  he  can  do  in  the  furnaces  as  they  are  usually  constructed. 
Where  this  operation  is  as  carefully  conducted  as  it  ought  to  be,  the  loss  by 
oxidation  will  be  very  trifling.  It  would  be  tedious  and  unnecessary  to  detail 
the  various  ways  employed ;  the  object  should  be  to  heat  tlie  steel  to  a  low 
red- heat,  and  cool  it  as  slowly  as  possible.  Omitting  the  grinding  and  cutting 
of  files,  wc  come  to  the  hardening.  The  first  tiling  to  be  done  is  to  protect 
the  teeth,  so  that  they  will  not  be  oxidized  when  heated;  this  is  done 
by  covering  them  with  something  which  will  fuse  at  a  red-heat,  and  form  a 
sort  of  varnish  upon  the  surface  of  the  file,  without  acting  chemically  upon 
the  steel,  and  which  can  easily  be  removed  when  it  has  answered  its  purpose. 
A  substance  answering  to  all  tliese  conditions  is  found  in  common  salt 
(hydrochloride  of  soda) ;  but  to  make  it  adhere  in  the  first  instance,  some- 
thing must  be  used  with  which  it  will  form  a  kind  of  thin  paste.  A  paste  of 
flonr  and  water  will  answer  well;  but  the  usual  substance  is  ale-grounds, 
obtained  from  the  brewers,  or  from  the  public-houses  where  they  brew.  Files 
are  dipped  in  a  mixture  of  these  ale-grounds  and  salt,  and  the  superfluous 
quantity  removed  by  the  finger  and  thumb,  or  with  a  brush ;  then  heated  in 
a  hearUi-fire  with  soft  coke  made  by  burning  a  soft  bituminous  coal,  not  in 
ovens,  but  on  tlie  surface  of  the  ground ;  and,  to  save  repetition,  it  may  be  here 
stated,  that  this  is  the  kind  of  coke  universally  used  in  heartli-fires,  for  manu- 
fiactiiring  purposes,  in  Sheffield.  When  tlie  file  is  red-hot,  it  is  set  straight 
upon  two  lead-rests  set  upon  a  block — one  of  Uie  rests  being  movable,  so  Uiat 
it  can  be  placed  nearer  or  farther  from  the  otlier  as  requu'ed ;  upon  these 
the  file,  held  by  the  tang  in  a  pair  of  tongs,  is  placed  as  upon  an  anvil,  if  it 
be  a  fiat  three-square,  round  three-square,  or  square  file,  and  is  made  straight 
with  a  hammer,  also  of  lead ;  but  if  a  half-round  file,  it  must  have  such 
a  degree  of  curvature  given  to  it  as  experience  has  shown  to  be  uecessar}', 
that  it  may  be  expected  to  come  straight  out  of  the  water. 

Now  if  we  refer  back  to  what  was  said  of  tlie  expansion  of  steel  in  harden-  I 
ing;  and  to  the  process  of  conversion  of  bar- steel,  by  which  it  was  shown  tliat 
bars  are  always  a  Httle  harder  on  the  outside  than  in  the  middle,  and  may 
be  a  good  deal  harder  if  the  conversion  is  hurried ;  and  also  that  one  side 
of  a  bar  may  be  more  converted  than  the  other  side  of  the  same  bar ;  we  shall 
see  abundant  reason  to  expect,  that,  in  .bar-steel  files  especially,  this  irregu- 
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3T1  sTBAioBTiimr*  wnam. 

Uritfin  the  degree  of  carbonizatioii  will  prodsM  oom^aaMig'iBpMlrf 

jwagnlarity  in  tlnni»panny|Bi  nf  fill  in  hawlatitug,  M*  IW  pi^M *ilto^fci» 

its  manifestation  in  practioe.  This  muiilbatetlaB  «fll  b«  Uiil  w1f»tMi 
which  was  more  eonverted  on  one  tide  than  dia  oflm,  li  mmlmiMa1Bm,tm 
Edde  most  highly  converted  will  expand  ntore  tlun  dtt  oAmt  fii 
and  theofiuotof  tbst^rmbcUuUihefllMwfabeoRWkad    ' 

e  n-atcr— the  bardeBt  side  will  ba  fnll  and  tha 
are  known  liy  the  nuue  of  wntor-cimekB.  Unfile, 
to  the  proper  temperature,  held  bj  Qia  f 
saturated  aolntion  of  salt  and  water,  eonl 

as  steam  ceases  to  he  generated  npontluHiiftoe  by  ito  bait,  wUdiU 
noise  ceasing  which  isntadeby  it,  thflfil«iatakaBaBt,aBd,ifitb*> 
,  tliere  is  generally  bo  mnch  heat  in  it  as  to  canM  tha  waiar  vga 
thickest  part  to  boi) ;  in  this  state  itnuybe  q>nmgaKtlIa',aBdwIllnlBl 
position  thus  given  to  it  when  cold.  The  nuumet  of  doing  it  fa 
hardener  has  a  small,  strong,  rectangular,  wood-tntteni,  half  f&D  of 
standing  beside  the  other,  across  th«  top  of  which  fbtn  ie  a  ate 
iron  fixed,  and  anotlier  of  the  same,  movable  nearer  to  or  fJarfber  Sraaa  tti 
fixed  bar.  As  soon  as  the  file  is  taken  ont  of  the  Trater,  the  tnas,  Iftji^ 
down  tho  tongs,  takes  Iho  file  by  the  point  and  tang  in  his  bands  and  loata 
down  it;  and  as  in  nincty-nino  cnses  out  of  one  hundred  it  will  be  firandto 
haye  nin  a  little  crooUed  in  the  water,  he  pnts  the  point  or  tang  end  of  tta 
,  as  the  case  may  be,  under  the  fixed  bar  of  the  small  cistem,  and 
movable  bar  as  a  fulcmm,  presses  upon  the  other  end  of  the  filo  wil 
hand,  while  witli  the  other  lie  pnts  water  upon  it ;  looking  at  the  fila 
and  again,  aiid  using  the  some  means  to  bring  it  atmight  nntil  it  ia  1 
cold,  after  which  no  farther  effect  can  he  prodnced  upon  it. 

Nothing  but  experience  can  teach  a  man  the  amonnt  of  pressure  wUdv 
necessatj,  and  ma3-  bo  safely  employed  ndthirat  bi^aking  the  £lo.  Tlia  wat 
metltod  is  taken  with  all  descriptions,  whatever  the  Idnd  of  ate«l  tbaj  m 
madeor.toobtaiiiBtmight  files;  but  the  prevention  of  water-cr»clc»tnB«tb«^ 
at  (tu  earUer  stage.  Tho  bUster-steel  tobe  nsed  forfiles  ahooldbatbonn^ilr 
convert«d,  and  be  broken,  bysome  careful  personwellinatmcted  in  the  qod- 
ties  and  properties  of  the  different  marks,  into  ench  lengths  aa  are  soitaUi; 
when  rolled  or  tilted,  to  moke  a  bar  of  the  reqnired  size.  If  he  finds  any  tso 
highly  carbonized  to  bs  safely  used,  he  should  lay  it  aside  to  be  nandted;  if 
too  hard  to  be  safely  used,  say  for  sixteen-inch  files,  it  maybe  brokan  ^■iata 
make  files  of  eleven  or  twelve  inches,  for  there  is  not  so  mndi  iangati 
water-cracks  when  it  is  drawn  to  smaller  sizes  ;  and  sneh  aa  ba  judges  aot 
quite  BuiEcientlyconvertedfbrfiles.  will  be  suitable  for  fkrriera'iaapa.  So  im- 
portant did  the  old  file-makers  consider  the  best  application  of  tbeirinatsnils, 
that  they  geuernlly  broke  up  their  bar-steel  themselves ;  but,  notwithstudiag 
their  care,  Uie  anxie^  to  make  hard  files  eansed  fhem  to  lean  towaids  exeW- 
e  hardness  of  conversion,  and  "  watercmcks"  were  of  veiy  JSneqncat  oeoP 
ice.  No  other  method  ocenrred  to  them  by  wayofpreventiontlmait— ■• 
soon  as  the  files  were  hudened.to  warm  them  in  the  fire  as  nnehaa  lh<7enU 
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withont  tempering  them.  The  fractures  spoken  of  seldom  take  place  while 
the  steel  is  in  the  water,  but  frequently  many  hours  afterwards  tliey  are  heard 
to  give  a  sharp  click,  which  may  be  heard  several  yai*ds  oil  when  the  frac- 
ture takes  place ;  and  they  are  far  more  subject  to  do  this  in  sharp  frosty 
weather,  and  when  the  water  is  very  cold,  tlian  at  other  times.  Now,  on 
examining  the  fractures  of  hundreds  of  bar-steel  files,  which  an  experience  of 
many  ytars  has  brought  under  notice,  it  always  appears  that  the  fracture 
takes  place  in  the  middle  or  least  converted  part  of  tJic  steel,  and  the  parts 
are  held  together  by  tlie  outer  edges  or  most  highly  carbonized  parts ;  in  fact, 
it  is  the  expansive  force  of  those  parts  which  has  torn  tlie  otlier  asunder. 
Caat-Bteel  being  more  homogeneous,  is  not  nearly  so  much  subject  to  this  kind 
of  fracture.  It  would  scarcely  be  excusable  to  say  so  much  of  the  hardening 
of  files,  if  the  greater  part  of  it  were  not  applicable  to  many  tools  made  of  the 
like  material 

When  iron  has  to  be  united  to  steel  by  welding,  as  in  making  joiners' 
plaae-irons,  socket  chisels,  &c.,  shear-steel  is  used  for  the  common  kinds  and 
east-steel  for  the  best.  Grood  shear- steel  will  make  good  tools;  but  when 
ground  and  glazed,  it  has  a  cloudy  appearance  which  cast- steel  is  free  from. 
In  welding  shear-steel  to  iron  there  is  little  difficulty ;  but  to  weld  cast-steel  to 
iron,  more  skill  is  required.  We  shall  only  instance  how  cast-steel  plane- 
irons  are  made.  The  iron  nsed  should  not  be  less  than  tliree-eighths  of  an 
inch  thick,  and  its  breadth  about  two  thirds  of  the  breadth  of  the  intended 
plane-irons.  The  steel  should  be  as  good  as  possible,  and  rolled  into  rods 
about  one  inch  and  three-quarters  broad,  by  full  tliree- sixteenths  or  barely 
one-£>aith  of  an  inch  thick.  The  iron  is  first  made  into  what  are  called 
moods  by  drawing  and  spreading  the  iron,  or  thin  end  of  tlie  plane  iron ;  it  is 
then  cut  off  from  the  bar,  leaving  about  two  inches,  to  which  the  steel  has  to 
be  welded  untouched  by  the  hammer.  It  is  then  taken  by  the  thin  end  in 
tongs,  and  the  other  end  heated  for  weldmg  in  the  hearth-lire,  with  the  usual 
precautions  against  oxidation.  At  the  same  time,  and  in  the  same  fire,  but 
not  in  80  hot  a  part  of  it,  the  steel  is  heated  also ;  and  as  soon  as  it  is  red-hot 
it  is  taken  to  the  anvil,  and  one  edge  tliinned  down,  then  taken  to  tlie  fire  again ; 
and  when  the  iron  is  at  a  good  welding  heat,  and  tlie  steel  as  hot  as  it  would 
he  safe  to  make  it,  the  forger,  taking  Uie  tongs  with  the  iron  in  his  left  baud, 
and  the  steel  in  his  right,  goes  to  the  anvil,  laying  Uie  iron  upon  it,  and  tlie 
steel  with  its  tliinned  edge  towards  liimsclf  and  across  the  iron ;  the  striker,  who 
is  standing  ready,  gives  the  steel  a  few  light  blows  witli  his  hammer,  when 
it  will  be  seen  to  have  its  temperature  much  increased  by  its  contact  A\ith  the 
hotter  iron ;  and  as  the  union  is  to  be  effected  by  the  iron  bringing  the  steel  up 
to  its  welding  temperature,  it  is  desirable,  and  even  necessary  in  order  to  ensure 
the  success  of  the  welding,  that  both  iron  and  steel,  in  such  articles  as  plane- 
irons,  should  be  considerably  thicker  than  they  will  be  in  the  finished  state. 
The  hardening  of  plane-irons  and  other  edged  tools,  is  done  by  heating  Uiem  in 
hearth-fires  and  plunging  them  into  water;  and  the  tempering  is  by  heating 
upon  a  thick  cast-iron  plate  with  a  fire  under :  the  plate  should  be  kept  below  a 
red  heat    The  tools,  rubbed  with  sandstone  that  the  colours  may  a^ii^ear,  ave 
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laid  upon  the  plate,  several  at  a  time,  and  attaniad  to  hf 

another,  at  an  anvil,  sets  them  atraii^  fvidb  aliH  hit 

ing-plate.    Plane-irons,  sooketchiBeli,  and  aoeh  tookp  ««iBg  tofta 

of  the  steel  in  hardening,  axe  fioJl  OK  oouvoL  on  tkaalaelirida, 

is  done  by  putting  them  iron-aide  dowmraida  upon  tha  asvil,  and 

the  steel  with  a  hammer  whose  fue  ia  sE^b^y  couvvb:  ligr  fliia  fla  JMiii 

extended  and  the  steel  brought  flat  again.  Bnft  If  ifc  be  Immmi 

to  make  the  steel  side  hollow,  there  ia  no  nmedj  iar  ife;  m  aagr 

cation  of  the  hammer  would  only  make  mattam  wokm  bj 

stiQ  more.    Care,  therefore,  should  be  taken  not  to  go  too 

the  blows  should  not  be  too  heavy,  bol  that  tk^y  be 

as  possible,  not  going  too  ne^r  the  edge,  whiflh  ^■'^^-g—  liiMalimi  ttl 

steel. 

Fifty  years  ago,  some  edge-tool  makera  had  their  tools  hinTemni  If  ttl 
forger  in  the  shop  in  which  they  were  faged,  and  tbie  mm  looked  1901  at 
part  of  the  forger's  duty.  He,  feeling  no  inierast  in  doing  lliie  ymA  toecBi 
in  the  heating  that  oug^t  to  be  exennaed,  good  atoal  was  oAm  eiinilii  If 
carelessness,  which  led  to  a  different  practice;  and  the  hazdening  of  B^ 
edge-tools  has  for  many  years  been  made  a  separate  operation,  and  doM 
by  men  who  do  nothing  else,  and  are  paid  by  the  day ;  bat  nnfartonately  tto 
practice  of  hardening  heavy  tools,  such  as  axes,  was  continued,  in  the  foqpog- 
shop,  until  British  axes  got  into  disgrace  in  the  American  market.  *  Tia/i 
however,  and  a  different  practice,  will  enable  us  to  retrieve  this  loss. 

Cast  steel  chisels  are  set  in  a  different  way,  by  what  ia  called  a  aettiag- 
hammer  (Fig.  14),  made  of  very  good  hard  steel,  about  l|>inch  X  iinok 

in  the  middle,  where  the  abaft  11 
fixed,  and  drawn  to  about  1  in^ 
X  i  inch  at  the  two  enda  or  fum, 
which  are  ground  convex  in  Ito 
directbn  of  their  breadth,  and  l» 
an  obtuse  angle  in  the  direction  of 
their  thickneaa.  In  setting  har 
dened  steel  artioles  with  tbia  kiad 
of  hammer,  quite  a  different  m- 
tiiod  has  to  be  pursued  to  that 
already  described ;  for  in  tbia  ctai 
the  parts  that  axe  full  or  eonm 
^'^S'  i-i*  are  to  rest  upon  the  anvil,  and 

great  care  must  be  taken  that  the  part  which  has  to  reaist  the  blows  of  tto 
hammer,  beds  firmly  upon  it,  otherwise  the  steel  will  be  broken.  The  aettiag 
of  a  cast-steel  chisel  is  effected  by  blows  of  the  setting-hammer  acroea  its 
breadth  upon  the  hoUow  side  of  it ;  the  angular  face  of  the  hammer  enta  to  a 
slight  depth  into  the  substance  of  the  steel  chisel,  and  in  that  manner  extendi 
the  side  so  as  to  make  the  chisel  straight;  the  same  method,  in  prinoi^ ii 
applied  to  table-knives,  scissors,  and  some  other  things. 

Saws  are  made  of  cast-steel ;  and  the  ingots  for  all  but  erosa^ttl 
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Fig.  15. 


cast  oblong,  and  from  1^  inch  to  1 }  iucli  thick.  Cross-cut  ingots  are  cast  so 
that  ono  ingot  will  make  a  saw,  as  represented  in  Fig.  15; 
so  that  when  the  ingot  is  rolled  end  on  to  tlie  length  of  tlie 
intended  saw,  it  will  be  nearly  the  shape  required,  tliis  shape 
of  ingot  being  adopted  to  prevent  wasting  steel ;  for  it  must 
be  understood,  that  in  rolling,  the  steel  extends  the  way  it 
is  put  tlirough  the  rolls,  and  scarcely  at  all  in  breadth.  Sheets  are  rolled 
square  when  large  circular-saws  are  made ;  smaller  circular-saws  are  cut  from 
sheets  the  breadth  of  their  diameter.  Saw  ingots  are  made,  both  in  quahty 
and  weight,  to  suit  Uio  particular  kinds  required.  An  ingot  29  lbs.  weight  will 
make  a  dozen  26-inch  hand-saws ;  and  at  tiie  mill  it  is  first  rolled  into  a  sheet 
about  five  feet  long,  then  cut  witli  tlie  shears  into  six  equal  parts,  each  of 
which  will  roll  into  a  sheet  2G  inches  long  and  10  broad,  and  be  the  gauge  in 
thickness  suitable  for  tliat  kind  of  saw.  Each  sheet  is  cut  in  two  diagonally, 
havhig  tho  point  of  one  saw  and  the  broad  end  of  tlie  other  at  each  end 
of  the  sheet.  Saw-makers  have  pattern  temx)lcts  for  all  the  kinds  of  saws 
they  are  in  the  habit  of  making ;  taking  a  20-iuch  hand-saw  idate  as  an 
example,  the  templet  is  laid  upon  it,  and  its  shape  marked  upon  tlie  steel, 
the  waste  part  pared  oil  by  a  pair  of  strong  shears,  which,  until  lately,  were 
worked  by  hand.  Now,  however,  some  of  the  larger  manufacturers,  who  have 
I  steam-engines  upon  tlieir  premises,  have  shears  of  a  veiy  sux)erior  constiiic- 
tiuu  to- tho  old  ones,  worked  by  steam-power,  by  which  one  man  can  do  more 
work  tlion  four  could  do  by  the  old  method,  and  do  it  much  better. 

Saws  are  heated  in  an  air-furnace,  erected  outside  the  hardening-sliop,  but 
communicating  with  it  either  by  a  pair  of  metal  doors  opening  into  the 
furnace,  or  one  door  sUdiug  up  and  down,  and  counterpoised  like  the  furnace- 
doors  of  a  rolling-mill. 

Instead  of  being  dipped  in  water,  saws  are  dipped  in  oily  fluids.  Some 
saw-makers  affect  to  make  a  matter  of  mystery  and  importance  of  the  compo- 
sition of  their  hardening  fluid.  Three  kinds  wiU  probably  comprehend  them 
all;  viz.  whale  oil,  tallow,  and  common  yellow  resin,  in  different  proportions ; 
or  whale  oil  and  tallow;  or  whale  oil  simply,  without  addition.  The  harden- 
ing'Shop  must  have  at  least  two  troughs  to  contain  tlie  tliud ;  one  of  them 
long  enougli  to  dip  the  longest  saws,  and  tho  other  round  and  large  enough 
to  dip  the  largest  circular  saws.  The  same  care  is  required,  as  in  tlie  other 
cases,  not  to  overheat  tlie  steel ;  and  also  that  in  taking  the  plates  out  of  the 
fomaee  to  dip  them,  they  arc  not  bent  with  the  tongs  when  being  removed 
from  the  furnace. 

Taking  a  shoot  of  rolled  steel,  of  the  requisite  size  and  tliickness  for  tho 
required  kind  of  saw,  it  is  cut  into  the  proi>er  shape  by  tlie  shears  as 
described  above ;  its  edges  are  prepared  by  filing  and  giiiiding,  for  cutting 
the  teeth.  These  are  formed  by  a  die-cutter,  worked  by  a  fly-press,  the  sheet 
of  steel  being  moved  uniformly  forward,  after  each  descent  of  the  die,  so  as 
to  secure  regularity  in  the  distance  of  the  teeth.  The  rough  edges  left  by  the 
die  are  removed  by  filing ;  and  the  saw  is  then  fitted  to  undergo  tho  pro- 
cesses of  hardening  and  tempering.    The  hanleniug  is  accomplished  by 
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heating  the  saw-plate  to  a  cheny-red,  and  plunging  it  into  a  mixture  of  result 
pitch,  and  oily  fluids,  until  it  is  cold  enough  to  handle.  It  is  now  extremdy 
hard  and  hrittlo,  and  is  tempered  hy  heing  passed  over  a  clear  charcoil 
fire,  until  the  unctuous  matter  adhering  to  it  is  burnt  off,  or,  as  it  is  tedmi- 
cally  called,  blazed.  The  saw  is  now  flattened  while  still  wann,  and  any 
warping  it  may  have  received  in  the  above  process  removed  by  hammering; 
it  is  then  removed  to  the  grinder's  wheel.  The  grindstones  vary  in  diameter 
according  to  the  size  of  the  saws  they  are  required  to  grind ;  to  prevent  the  saw 
from  bending,  it  is  fastened  \nth  one  face  in  contact  with  a  flat  board,  whfle 
the  other  is  applied  by  tlie  grinder  to  the  circumference  of  the  revolring 
stone.  Tlic  grindstone  is  made  to  revolve  with  the  greatest  rapidity,  and  the 
grinder  presses  the  board  and  saw  against  the  stone  with  the  whole  weight  of 
liis  body,  moving  it  from  right  to  left  with  both  hands,  so  as  to  secure  an  ereo 
surface.  A  second  hammering  now  removes  any  warping  the  saw  may  hare 
received  in  grinding ;  and  an  apphcation  of  it  to  the  heat  of  a  coke  fire  and 
flange,  imtil  it  assumes  a  faint  straw-colour,  restores  its  temper  and  elastidtf. 
The  marks  of  Uie  hammer  being  removed  by  a  light  application  of  the  saw  to 
the  grindstone,  the  final  polish  is  given  by  a  hard  stone,  a  glazing-whed 
covered  witli  buff  leather  and  emery,  or  a  wooden  wheel  called  the  hard  head. 

Tlie  saw  is  now  cleaned  off",  by  being  rubbed,  lengthwise,  with  fine  emeiy 
applied  by  a  piece  of  cork-wood ;  the  next  process  is  called  tettingy  which 
consists  in  bending  each  tootli  in  order,  one  on  one  side  and  the  alteinaie 
one  on  the  otlier  of  the  plane  of  the  saw.  Perhaps  the  whole  range  of  the 
arts  does  not  aflbrd  a  more  marvellous  exhibition  of  manual  dexterity,  thtn 
tlie  manner  in  which  a  skilful  setter  accomplislies  this  operation.  He  fixei 
the  saw  in  a  vice,  takes  a  small  hammer,  gives  two  or  tliree  taps,  and  then, 
vnUi  a  rapid  succession  of  blows  which  the  eye  can  scarcely  follow,  he  bends 
each  alternate  tooth,  without  missing  one  or  striking  two  in  succession.  Msr 
vellous  as  this  is,  it  is  far  exceeded  by  his  next  feat — ^he  now  reverses  the 
position  of  the  saw,  and  by  the  same  rapid  motion  of  the  hammer,  strikes  tlie 
alternate  teetli  omitted  before  :  a  failure  of  eye  and  hand  here  would  inevit- 
ably spoil  the  saw,  for  one  tap  on  a  wrong  tooth  would  break  it  off  and  con- 
sign it  to  tlic  waste  basket. 

After  being  set,  the  saws  are  placed  in  a  vice  between  two  lead  plates,  snd 
the  teetli  8harx>encd  by  a  triangular  file ;  the  handles  are  fixed  on  by  nuts  snd 
screws ;  and  tlie  saws  being  cleaned  and  oiled,  are  packed  in  brown  papcft 
and  are  tlien  ready  to  pass  out  of  the  manufacturer  s  hand. 

Perhaps  it  may  be  as  well  here  to  remark,  that  the  best  way  of  keeping 
any  article  of  cutlery,  which  is  not  in  use,  free  from  rust,  is  to  dry  it  tho- 
rouglily  and  wrap  it  up  in  brown  paper. 

A  method  of  heating  steel  goods  for  hardening,  which  possesses  some  im- 
portant advantages  over  those  in  common  use,  has  been  occasionally  practised 
by  a  few  persons  who  were  in  advance  of  their  neighbours  many  years  ago ; 
but  it  is  not  so  generally  known  or  adopted  in  Sheffield  as  it  deserves  to  be : 
and  in  recommending  its  more  general  use,  it  should  be  understood  that  nothing 
is  said  hero  of  a  doubtful  or  merely  speculative  kind,  but  that  only  which  hts 
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successfully  practised  recommended.    Mr.  Nicholson,  the  mathematical 

instrnment  maker,  when  engaged  upon  some  delicate  steel  work  nhout  fifty 

years  ago,  said  he  fonnd  the  greatest  impediment  to  his  success  to  arise  from 

tlie  diflftculty  of  heating  tlie  steel  equall}' ;  after  several  unsuccessful  attempts 

he   succeeded  in  finding  a  remedy  hy  using  a  hath  of  lead.     Mr.  Stodart, 

cutler  and  surgeon's  instniment  maker,  more  than  foily  years  ago,  tells  us  that 

he  liad  lately  tiied  this  method,  and  found  it  to  be  a  great  acqui.*<ition  to  the 

art.       To  tliis  old  testimony  in  its  favour,  modem  experience  may  be  added; 

not  only  when  applied  to  the  heating  of  things  an  ounce  or  two  in  weight, 

Imt  it  can  now  be  said  tliat  it  answers  equally  well  for  articles  up  to  twenty 

pounds,  so  that  it  is  applicable  to  the  heating  of  most  kinds  of  steel  goods. 

The  form  and  size  of  the  bath  will  of  coui-se  vary  with  the  form  and  size  of 

the  articles  to  be  heated  in  it,  but  should  in  nil  cases  be  considerably  lai-ger 

than  the  size  which  a  single  article  of  the  kind  would  require,  in  order  that 

the  bath  may  be  kept  at  a  more  equable  temperature  than  it  could  be  if  it 

mnch  affected  in  that  respect  by  plunging  one  or  even  several  of  Oie  cold 

into  it.    For  this  reason,  if  tlie  bath  be  intended  to  heat  articles  of 

several  pounds  in  weight,  it  should  be  capable  of  holding  not  less  than  five 

hundredweight  of  lead.    It  should  be  of  cast-iron  three-fourths  of  an  inch  or 

an  incli  in  thickness,  with  a  broad  flange  to  rest  upon,  and  so  set  in  tlie  brick- 

TTork  that  the  fuel  can  act  upon  it  on  all  sides,  and  heat  the  vessel  and  its 

contents  red  hot.    The  room  in  which  it  is  placed  should  be  well  ventilated, 

and  it  is  well  to  fix  it  under  a  flue  with  a  wide  opening  at  its  lower  end,  like 

to  the  chimney  of  a  smith's  heartli,  in  order  to  caiTy  oiF  any  fumes  arising 

front  the  bath. 

At  a  red-heat  the  surface  of  lead  oxidizes,  but  not  ver}'  rapidly ;  and  if 
the  follo\^'ing  precautions  be  taken  to  prevent  it,  the  loss  from  this  cause  will 
be  very  small : — ^Have  a  i)iece  of  iron  to  cover  part  of  the  lead,  leaving  only 
so  much  nncovered  as  may  bo  necessar}-  for  conveniently  dipping  tlie  steel 
and  stirring  the  lead.  Iron  laid  loosely  and  floating  upon  the  surface  of  the 
nielted  lead  is  better  than  a  fixed  shelf,  because,  rising  and  falling  with  the 
quantity  of  lead,  it  always  adjusts  itself  to  it.  The  other  paii;  of  the  lead-bath 
idiould  bo  covered  witli  waste  charcoal.  The  waste  charcoal-dust  thrown  out 
as  useless  at  convert ing-fumaces  answers  very  well. 

Some  of  the  advantages  of  this  metliod  of  licating  are  so  evident,  tliat  it  is 
mhnost  unnecessary  to  enumerate  them;  but  every  person  accustomed  to 
heating  iu  a  hearth  fire  knows  how  diflicult,  or  rather  how  impossible,  it  is  to 
heat  any  instrument  with  thick  and  thhi  parts  equally  tliroughout,  so  that 
the  thin  parts  shall  never  become  too  hot  during  the  heating  of  the  thick 
part,  in  a  fire  which  is  much  hotter  than  the  steel  is  required  to  be  heated  to. 
Now  the  lead-bath  being  heated  only  to  the  proper  tempci-ature  for  hanlening 
■teel,  nothing  immersed  in  it  can,  however  thin,  be  overheated  in  any  part. 
It  is  peculiarly  well  adapted  for  razors,  surgeons'  instruments,  and  cutting 
instnunents  generally.  Files,  to  be  heated  tlus  way,  are  i)repared  in  the  ordi- 
nary numner:  the  lead  leaves  the  file  and  does  not  adhere  to  the  teeth,  as 
Oftight  he  apprehended.    Articles  are  heated  more  quickly,  as  well  aa  m.or« 
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equally,  tlum  io  heartli  Area;  and  tlw  mfbag  ot  tuam  aaaglj  avqMHl 
expense  of  the  first  oatla^  utd  eztn  ooit  in  fin  Widlaad.KdlflMN 
hardening  is  tJie  dAiJj  oooiuAlitti  <tf  OOA  w  tBOn  j^Tfffia. 

CnUsiy  Oooda,— lii  the  pMMdlng  p>g—,  tlia  itBal  ■■»&>& 
Sheffield  liaa  been  traced  throng  muf  intamtliig  itligBi,  bj  a  fB  Wi- 
mately  acquainted  with  the  mlfivat;  utdm  fael  BMaxad,  ■Uuia^  tta  ]iqa 
are  anoajmous,  everrone  intaraited  in  Ow  nljact  viU  Ms  that  aa  dli  vl 
piActical  hand  has  guided  tha  pan,  in  i»'y»i"***Mf*m  ft  nnaa  <tf  nal  kaiv-. 
ledge,  such  as  is  rat«l;  laid  befoia  Um  pnUia.  bi,tlMlbwAIIpiiiBg|agMia 
caiuiot  cMm  the  tame  odginalilj,  bdng  iwdabtod  ibr  ttam  ddiij  talb. 

•WiUf,.,'oo>^AlUnf|^|^"|->»H.nlf.»»fcj.tmMAf  A.«t-U-fc— lf,tH..l-MJtl 

the  Society  of  Arts  in  April,  1658,  and  leportBd  in  flw  Jomaal  of  Oa  Bomtlf. 
Mr.  Wilsou  tells  us  that  the  atael,  aa  pi^aiad  fiir  eaSmj  pmpoaa^n 
tilted  or  rolled  to  diflerent  sizoa,  anitad  to  die  nitialev  '"*""^-*  te  be  p» 
duced.  To  ensure  the  neceasazj  dogma  of  haidneaa,  fb»  rieal  ikiU  k 
compact  and  dense ;  it  is  not  oonaidared  daairabla  to  naa  new  atatL  Si 
reo^n  is  not  Teiy  evident ;  hnt  it  is  known.  Cram  eapadanoe,  tfiat  itedwda 
'  more  kindly'  after  being  kept  some  time.  It  is  only  the  makers  of  lU- 
class  cutlery  who  attend  to  this,  because,  to  keep  a  large  qnanti^  of  steel  in 
stock  Eccms  like  too  much  idle  capital,  though  it  is  necessaiy  In  order  to 
obtain  the  best  resulta.  Instcadof  keeping  it  in  this  mBiuier,it  is  COmmaBta 
use  inferior  atecl,  which  is  softer  and  easier  to  work,  thus  economiziiig  Islxw 
and  favouriug  cheapness  of  production.  Another  reason  for  the  employmo^rf 
softer  etcet  is,  that  it  is  less  liable  to  waste  from  cracks  or  fracture,  as  will  h 
Bitcrwards  explained.  The  forging  of  artides  &om  ateel  is  much  the  uat 
in  all  cases,  ciLcept  that  emaUer  orticleB  are  forged  single-handed,  and  Ibt 
larger  ones  by  double  handed  forgers.  Thus  penlmife-blades,  small  sdacn, 
&c.,aro  forged  by  one  man;  table  blades,  razors,  edge-tools,  Ae.,  by  two  met— 
a  maker  ond  a  striker.  The  maker  attends  more  especially  to  the  form,  Thiie 
the  striker,  using  a  heavier  hammer, '  draws  out'  the  blade  from  the  rod  of 
steel.  It  rcquireH  sovei'al '  heats'  to  complete  tie  forging  of  a  blade.  SduU 
articles  of  cutlery  are  mostly  mode  entirely  of  steel ;  but  the  shanki  ud 
bows  of  BcissoTB  of  large  size,  and  the  bolsten  and  tanga  of  table  cntlery,  «• 
mode  of  iron,  for  tile  double  purpose  of  economizing  steel,  and  &cilitali]i{ 
the  labours  of  thoEO  who  work  after  the  forgers.  The  two  metals  are  welded 
together  in  a  vcty  simple  manner.  The  burning  point  of  steel  is  much  loiw 
than  that  of  iron,  and  the  quality  of  the  steel  would  be  destroyed  by  healiiig 
to  incandescence ;  but  iron  may  be  heated  to  near  the  melting  point  witbcnit 
injury.  \Vlien  both  ore  healed  to  the  required  degree,  they  are  sli^itlf 
dipped  in  a  tlux,  consisting  of  borax  or  sihceous  sand,  and  then  hanunettd 
together.  The  junction  is  nearly  sln-aya  visible  upon  the  reverse  of  tstik- 
kuivcs;  theiron,  not  being  capable  of  BO  high  a  finish  as  the  steel,  i^peaiic' 
a  lighter  colour.  There  is  one  advantage  in  this  appearance — it  is  •  m* 
indication  that  the  articles  have  been  forged,  and  not  cast  It  gives,  hinr- 
ever,  no  proof  of  the  quaUty  of  the  steel.  'When  the  forging  is  con^letti 
the  maker's  name,  as  well  as  any  other  1^'ff^'"gn^a^^'"g  maik  that  may  kt 
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desired,   is  stmck  upon  tlie  blade,  which  is  then  hardened  by  heatiug 
to   a   red-heat,  and  immersmg  it  in  water.     If  the  steel  be  pood,  it  be- 
comes excessively  hard  and  brittle ;  but  its  temper  and  elasticit}'  arc  given 
by  again  submitting  it  to  a  moderate  degree  of  heat,  which  a  skilful  work- 
man can  regulate  by  watching  the  changing  colour  of  tlie  steel.    Tliis  will 
shovr  the  reasons  for  making  tlie  bolsters  of  table  cutlery  of  iron.     The 
latter  metal  is  not  hardened  by  tlie  above  process ;  so  that  the  bolsters  of 
table-knives,  and  bows  and  shanks  of  scissors,  can  be  filed  and  burnished,  or 
•  dressed/  by  any  other  process,  while  the  blades  are  so  hard  as  to  resist  the 
ox>eration  of  a  file.    The  process  of  hardening  is  so  important,  tliat  it  will 
not,  perhaps,  be  deemed  tedious  if  I  offer  a  few  remarks  upon  it,  especially 
as  it  Mill  show  the  importance  of  a  good  feeling  between  employer  and  em- 
ployed.    It  has  already  been  stated  that  soft  steel  is  less  ha])le  to  waste  from 
craclcs  or  fracture.    The  process  of  hardening  is  so  delicate,  that  a  slight 
difference  of  heat  in  excess,  either  in  the  fire  or  water,  destroys  the  quality 
of  tbc  steel,  or  cracks  tlie  blades.     Cold  is  equally,  if  not  more  destructive ; 
and  blades  are  said  to  be  *  burnt,*  *  scalded,'  or  *  water  cracked,'  as  the  case 
may  be.    In  forging,  too,  if  the  steel  be  heated  too  much,  its  close  texture  is 
destroyed,  and  it  has  more  the  appearance  of  the  coarse  crystallization  of 
iron. 

The  next  process  is  *  grinding.*     The  stones  of  some  parts  of  South 

Yorkshire  are  particularly  adapted  for  this  purpose ;  they  are  found  at  the 

qnarries,  of  a  round  shape,  like  a  cheese,  and  of  various  sizes.    Stones  for 

grinding  table  knives  are  about  four  feet  in  diameter  and  ten  inches  in 

thickness.    To  prei)are  them  for  running,  a  hole  is  made  through  the  centre, 

in  which  is  inserted  the  axle.    Formerly  the  stones  were  fixed  upon  tlieir 

axles  by  means  of  wooden  wedges ;  but  as  wood  is  apt  to  swell  with  water, 

the  wedges  not  unfrequently  caused  tiie  stones  to  split,  and  fatal  results  were 

common.    Now  tliey  are  generally  held  at  the  sides  by  a  pair  of  strong  iron 

plates,  like  quoits,  screwed  tightly  to  the  stones,  which,  even  thus  fastened, 

not  unfrequently  break.    On  the  whole,  however,  they  arc  far  more  secure, 

and  the  accidents  resulting  from  breakages  are  less  serious  in  their  character. 

When  it  is  stated  that  tiieso  stones  make  from  one  hundred  to  two  hundred 

revolutions  per  minute,  it  will  be  understood  that  the  heat  generated  by 

friction  between  the  stones   and  the  blade,  under  a  pressure  of  several 

pounds,  will  be  very  great;  indeed,  it  is  such  that  a  piece  of  iron  or  steel 

would  become  red-hot  in  a  few  seconds.    This,  of  course,  would  destroy  the 

temper  of  the  blade,  and  render  it  imfit  for  use :  to  obviate  tliis,  the  stones 

revolve  in  a  trough  of  water,  thus  keeping  the  blade  cool  while  grinding  it 

to  the  required  sharpness.    The  next  process  as  regards  table-knives  is  to 

glaze  the  blades ;  this  is  done  on  a  large  tool  called  a  '  glazier  ;*  it  is  from 

three  to  four  feet  diamieter,  and  about  two  inches  broad.    It  is  formed  in 

sections  of  dried  wood  to  prevent  cracking ;  and  on  this  surface,  or  covered 

with  leather,  *  dressed  *  witii  emery  prepared  with  beeswax,  the  blades  are 

glazed  several  times,  until  of  the  required  fincsiess. '   Spring-knives  are 

ground  upon  stones  from  thirty  down  to  nine  inches  in  diameter,  and 


vao'iu}^  from  two  and  a  half  to  five  iiMihai  in  thifflniiwi  ThcUadnan 
first  roughly  ground,  to  reduce  them  from  pieces  or  lamps  of  steel  to  eotiing 
instruments ;  and  to  enable  the  '  cutler,'  or '  settor-in/  to  fit  tliem  to  tbehafli. 
It  often  happens,  however,  that  the  edges  of  the  blades  sie  iiqiized  bete 
tlio  knife  is  completeted,  so  tliat  the  edge  baa  to  be  restored,  snd  flie 
requisite  polisli  given  to  the  blade.  This  is  called  finishing,  but  is  the  wisk 
of  tlie  grinders.  This  process  was  formerly  done  upon  dry  stones,  sad  mi 
considered  highly  detrimental  to  the  health  of  the  workmen,  and  bmbj 
attempts  made  to  remedy  the  evil.  The  moat  Bncoessful  plan  yet  fntrodsesd 
is  a  revolving  fan,  which  is  connected  with  a  pipe  extending  from  the  frost 
of  the  stone  to  the  exterior  of  the  building.  The  action  of  the  frn  elbdi 
a  partiiil  exhaustion  of  the  air  in  the  pipe,  and  the  atmosphere  mshing  to 
8up])ly  the  partial  vacuum,  carries  with  it  the  particles  of  grit  sad  tttd 
evolved  from  the  surface  of  tlie  stone.  But  for  the  strength  of  this  cmiwt 
tlioKc  particles  would  be  inhaled  by  the  workmen,  and  that  distnanf 
complaint  known  as  the  "grinders*  asthma'*  produced.  The  diysfcoaeii 
rarely  used  in  tlie  knife  trade,  as  it  is  proved  by  ezpexience  that  the  wisk 
formerly  done  on  tlie  di-y  stone  can  be  done  as  well  on  a  wet  one,  with  this 
advantage,  that  in  the  use  of  dry  stones,  blades  were  frequently  softened  by 
friction ;  wliercns,  by  tbc  use  of  a  wet  stone,  such  occiirrenoes  are  rare, 
though  not  iin])os.sible.     The  dry  stone  is  as  yet,  however,  indispensable. 

^Vhon  a  Made  is  reduced  to  a  proper  strength  and  elasticity  on  tlie  ed^, 
which  sliould  be  done  on  a  small  stone,  to  insure  the  concavity  of  its  sides, 
tlic  next  process  is  to  give  it  smootliness  and  more  complete  regularity  than 
can  be  ciroctcd  on  a  sb^ne ;  this  is  done  on  a  tool  technically  called  a '  lap.' 
It  is  a  wheel,  formed,  as  before  stated,  in  sections  of  wood,  covered  with  a 
surface  of  lead ;  Uiis,  also,  is  dressed  with  emcr}'  and  beeswax,  and  greater 
fineness  is  given  to  the  steel  by  tiio  use  of  vitreous  or  siliceous  stones. 
For  all  purposes  of  utility,  the  blade  is  now  sufiiciently  complete;  but 
where  a  liigli  finish  is  desired,  it  is  polislicd  by  friction  with  'crocus,'  or 
oxide  of  iron,  upon  a  wheel  covered  witli  Icatlier.  This  operation  is  mosUj 
performed  by  boys,  who  begin  to  learn  tiieir  trade  by  finishing  the  articles 
upon  which  they  ore  employed.  The  blade  now  only  requires  to  be  *  set,' 
or  whetted,  and  it  is  ready  for  use.  Some  of  tiio  more  common  kinds  of 
cutler}'  are  done  on  a  wooden  f^lazcr.  The  appearance  of  this  work  is  rather 
coarse,  but  good  useful  blades  may  be  got  up  in  this  manner. 

The  operations  in  grinding  scissors  bear  so  close  a  resemblance  to  the 
above,  that  to  describe  tiiem  would  be  a  needless  repetition.  There  are, 
however,  some  points  of  diflerence  in  razor-grinding  that  it  may  be  worth 
while  to  mention.  In  nuinufacturing  Uie  better  class  of  razors,  it  is  usual  to 
'  sliape '  tliem  before  they  are  hardened ;  and  this  operation  is  performed 
upon  a  dry  stone.  The  reason  for  this  is,  that  a  stone  revolving  in  water  is 
much  softer  than  when  dry ;  and  as  the  process  of  '  shaping '  is  mneh  W» 
scraping  the  stone  away,  it  will  be  evident  that  the  use  of  the  diy  stone  is 
more  economical ;  and  as  razors  are  done  on  very  small  stones,  there  irooU 
be  confdderablc  loss  of  tune  in  preparing  new  ones  if  they  were  worn  dom 
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with  needless  rapidity.  The  stcol  also  being  soft,  the  operation  is  more 
rapidly  performed,  and  no  injuiy  is  done  to  die  blade  by  frictional  heat.  When 
hardened,  the  blades  are  groimd  upon  small  stones.  The  concavity  of  the 
aides  of  some  razors  may  be  judged  from  the  fact  of  the  stones  being  worn 
down  to  three  inches  diameter.  Some  razors  arc  mode  still  more  concave  by 
being  ground  on  a  stone  witli  a  round  surface ;  but  this  is  a  more  difficult 
and  costly  process,  without  being  attended  with  corresponding  advantages. 
Good  razors  may  be  ground  on  tools  of  six  or  seven  inches  diameter.  This  will 
give  the  necessary  elasticity  ou  the  edge,  and  increased  concavity  cannot 
lessen  the  cutting  angle  of  the  edge,  on  account  of  the  thickness  of  the  back. 
The  finishing  process  is  much  the  same  as  iu  penknives. 

The  labour  and  consequent  finish  bestowed  upon  the  finest  cutlery  is 
considerable ;  but  no  amount  of  finish  will  be  satisfactory  without  good 
material  as  the  base  of  the  steel ;  to  which  frequent  hammering,  which  in- 
ferior steel  would  not  endure,  gives  great  density  and  cohesion.  But  the 
commonest  goods  are  produced '  at  a  heat,'  viz.  tlicy  are  *  cast '  or  '  run.' 
'  CaatHrteel,'  however,  which  bears  the  palm  for  cutlery,  must  not  be  con- 
founded with  articles  'cast'  from  steel.  The  former  is,  as  we  have  seen, 
highly  refined  and  cast  into  ingots,  then  tilted  and  rolled  as  before  stated. 
Bat  the  steel  from  which  articles  are  '  cast' — a  process  of  which  we  have 
not  hitherto  made  mention — ^is  very  inferior ;  in  fact,  but  one  remove  from 
iron.  This  is  melted,  and  blades  *  cast  *  from  it  in  moulds  by  dozens,  just  as 
any  small  ornaments  or  metal- work  are  cast  in  quantities.  It  is  called  *  run- 
steel;'  but  its  inferiority  is  at  once  evident  when  tested  by  elasticity  or  by 
fractore.  This  method  saves  the  cost  of  forging,  and,  as  may  be  supposed, 
is  subjected  to  very  Uttle  hammering. 

It  is  probable  that  the  system  of  making  things  of  'run  steel'  com- 
menced with  scissors,  and  it  would  have  been  well  if  the  manufacture  liad 
been  kept  to  its  original  intention.  A  cheap  instrument  was  wanted  in  the 
wine  countries  to  cut  ofi'  the  bunches  of  grapes.  The  acid  of  the  fruit  spoilt 
scissors  of  the  best  steel  as  soon  as  the  commonest ;  the  idea  occurred,  there- 
fore, of  making  an  exceedingly  common  article  for  this  purpose,  and '  run'  steel 
offered  the  means  of  doing  this.  And  as  the  smallest  possible  amount  of 
grinding  that  would  give  an  edge  was  sufficient  for  the  purpose  intended, 
MSflsorB  were  produced  at  prices  fabulously  low.  This  was  a  legitimate  use 
of  the  cheapening  process.  But,  alas !  for  honesty,  the  idea  grew.  The 
temptation  to  produce  such  goods  in  imitation  of  better,  for  household  and 
business  purposes,  was  too  great;  and  a  great  trade  in  rubbish  has  sprung  up 
— BciuorB  may  now  be  purchased  in  any  quantity  at  from  two  shillings  and 
■JTpancfl  to  three  shillings  j»tfr  gro$$. 

It  18  not  to  be  supposed,  however,  that  a  metal  even  so  good  as  '  run* 
steel  is  used  for  these  productions.  No  I  the  material  is  baser  still — mere 
pag-iron.  Run  steel  is  used  for  those  articles  that  are  made  in  imitation  of 
fint-daaa  goods.  When  first  'run/  or  'cast,*  it  is  exceedingly  brittle,  and 
raqnireB  annealing  before  it  is  '  made  np.'  There  is  necessarily  great  simi- 
larity in  the  catting  of  eveiy  variety  of  common  cutlery.    Table-blades  and 


r 


884 


MAMUFACTUBB  OF   VKKEMirm-VLMmU. 


forks  aro  cast  in  large  qnantitieB.  Some  yean  ago  the  afttampfc  mm  inada  to 
cast  razor-blades  in  '  ran'  steel,  bnt  the  Razor  Gzmdeni  Union,  nradi  to  thdr 
credit,  passed  a  resolution  that  they  would  not  gxind  sneh  robbiih. 

rcuknife-blades  are  too  small  to  1m  made  in  this  manner.  Thaj  se 
produced  rapidly  by  means  of  a  fly.  The  steel  is  loUed  into  sheets  of  flu 
thickness  required,  cut  into  breadths  eqnal  to  the  length  of  the  Uade  intmdfd 
to  be  made.  The  steel  is  then  inserted  in  a  '  bed'  of  the  proper  shape,  ud  a 
stroke  of  tlie  ily  sends  a  corresponding  ponch  throngh  the  sted,  canTisf 
witli  it  a  piece  of  rolled  steel  which  is  to  act  as  a  blade.  It  will  esnlf  W 
understood  tliat  a  blade  prodnced  in  this  way  is  rery  inferior  to  one  fagei 
from  a  piece  of  superior  steel.  It  has  neither  the  ccmipactness  nor  dod^f 
which  characterise  tlie  best  class  of  cnUexy.  Blades  made  by  the  fly-pmi 
sometimes  go  tlirough  Uie  process  of  hardening;  but  the  class  of  goods  tiw 
mauufactured  is  ahnost  invariably  of  a  cheap  and  nselesa  kind.  In  griodag, 
no  rcgiird  is  paid  to  tlie  edge  of  the  article — ^it  is  not  paid  for;  and  if  fit 
surfaco  of  Uie  blade  be  polished,  it  is  all  that  is  required.  It  has  the  appflV" 
anco  of  a  knife,  and  may  be  sold  as  one,  although  it  does  not  poensi  Hht 
proporty  which  Hliould  constitute  its  recommendation  and  its  utility. 

The  discussion  wliicli  followed  Mr.  Wilson's  paper,  was  not  unin8t^I^ 
tivc.  LIr.  Moulston,  late  master-cutler  in  Sheffield,  said  that  the  French 
cutlers  excel  ours  iu  their  designs  for  ornamental  work,  or  what  he  tenns 
**  putting  together,"  in  tlie  best  class  of  manufactured  goods ;  but  he  considers 
them  delicicut  in  grhuling.  The  Prussians  he  found  improving  veiyte. 
both  in  tools  and  cutlery ;  and  he  arrives  at  the  conclusion,  from  these  cir- 
cumstances, that  Shoiriold,  instead  of  impro\'ing  and  holding  its  position  as 
other  couiiti'ies  have  done,  has  been  on  Uie  decline.  Mr.  Moulston  goes  on  to 
ask  some  veiy  cogoiit  questions  as  to  the  cause  of  this  stationary,  if  not  re- 
trogressing, state ;  amongst  others — ^why  our  trade  with  the  United  States  in 
axes,  long  saws,  augers,  has  nearly  vanished  ?  He  might  also  have  asked, 
how  it  is  that  our  own  steel  comes  back  to  us  made  into  axes  and  angers, 
which  are  eagerl}'  sought  after  by  our  own  woodsmen  ? 

Mr.  Charles  Snndci*son  does  not  deny  the  close  approach  made  by  the 
foreigner  on  one  of  our  great  staple  manufactures.  **  Manual  labour  is 
cheaper  on  the  Continent  than  with  us,"  he  says ;  "  but  their  steel  is  not  so 
good  ;  it  is  not  so  well  manufactui'cd,  nor  ore  the  articles  put  togetherivith 
tlie  skill  and  neatness  which  distinguish  oiir  own." 

Mr.  Mechi  considered  this  manufacture  largely  affected  onr  national  and 
personal  safety.  "Watch-springs  were  our  mainsprings  of  punctuality.  Needks 
made  from  steel  drawn  wire  were  the  instruments  to  clothe  us.  Our  nutri- 
tion was  dependent  on  the  reaping-hook  and  scythe.  It  struck  him,  liow- 
ever,  that  Sheffield  was  pre-eminent  in  edged  tools  at  the  Paris  Exhibition. 
Prussia  might  be  said  to  stand  second  in  regard  to  quality  and  price.  On  the 
question  of  national  safety,  Mr.  Meclii  stated  that  the  best  steel  at  ;£80  -pa  ton 
was  used  for  sword-blades,  and  he  only  wislied  that  the  same  article  had  been 
used  for  trenching-tools,  which  were  still  more  necessary  to  the  snecess  of 
our  armies. 
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CHAPTER  XIX. 


ON   THE   APPLICATION  OF  CAST-THON"  TO  THE   MANCFACTCIIE   OF  ORDNANCE. 


Intioduetovy. — ^Iron,  in  an  imperfectly  mnllcablo  state,  appears  to  hare 
been  known  from  a  remote  antiquity;  it  is  mentioned  in  Genesis,  and  there 
is  Teason  to  believe  that  at  an  early  period  it  was  manufactured  in  forges 
by  the  Persians,  Hindoos,  and  Cliineso.  Its  obvious  utility,  and  great  supe- 
Tiority  over  the  softer  metals  then  in  use,  caused  it  to  be  highly  prized, 
fhongb  the  extreme  difficulty  of  working  it,  and  the  rude  metliods  then  em- 
ployed for  its  reduction,  greatly  restricted  its  application.  Cast  iron  was 
altogether  unknown  to  the  ancients,  an  imperfectly  malleable  iron  being  pro- 
dnoed  direct  from  the  ores.  The  rude  furnaces  then  employed  wouldre  duce 
only  the  richest  ores,  and  even  these  in  small  quantities  and  very  imperfectly ; 
bnt  as  the  means  of  reduction  have  continued  to  improve,  the  demand  for 
iron  has  steadily  increased,  till,  in  most  of  the  ordinary  arts  of  life,  it  has 
BupeTseded  every  other  metal.  It  is  probable  that  in  our  own  island  tlie 
mannfocture  ^i^as  established  antecedently  to  the  Roman  invasion ;  but  of  its 
extent  we  have  little  knowledge.  The  Romans  carried  on  a  large  manufac- 
ture, and  probably  sent  considerable  quantities  through  Gaul  to  ItAly.  In 
the  Forest  of  Dean,  tliere  are  large  heaps  of  scoria,  the  refuse  of  the  iron 
works  of  the  Romans,  as  is  evident  from  the  antiquities  found  with  them ; 
but  many  of  these  have  been  re-smelted  in  comparatively  modem  times. 

At  the  present  time  the  manufacture  is  conducted  on  an  immense  scale, 
the  Annual  production  in  Great  Britain  being  3,070,000  tons,  about  equal  to 
that  ol  all  the  rest  of  the  world  put  together. 

In  a  previous  portion  of  this  work,  tlie  process  recently  announced  by 
Mr.  Bessemer  has  been  discussed  at  some  length ;  and  an  analysis,  along 
with  some  comments  thereon,  quoted  from  tlie  '*  Birmingham  Journal,'*  the 
writer  of  which  concludes  in  these  words : — "  The  amount  of  iron  oxidized 
by  the  vivid  combustion  which  Mr.  Bessemer*s  process  induces,  we  are  un- 
able to  ascertain.  The  point  which  most  prominently  strikes  tlie  chemist  in 
Mr.  Bessemer^siron  is  the  large  amount  of  phosphonis  which  it  contains — an 
•mount  utterly  fiatal,  we  fear,  to  the  value  of  Mr.  Bessemer's  method." 

If  this  be  the  fact,  and  entertaining  the  same  views  as  the  autlior  of  these 
strictores  does  with  regard  to  the  presence  of  phosphorus  in  refined  iron, 
we  should  have  great  doubts  of  its  ultimate  success.  It  is  well  known  that 
the  puddling  process  has  the  effect  of  removing  the  phosphorus  and  sulphur ; 
and  as  these  two  elements  are  highly  injurious  to  tlie  quality  of  the  iron,  we 
must  pause  before  coming  to  a  conclusion  as  to  how  feur  Mr.  Bessemer's 
process  is  likely  to  extend  the  manufacture,  or  to  increase  the  application  of 
wnra^t-inm.  On  the  other  hand,  we,  in  common  with  every  well-wisher  to 
the  adTBacement  of  practical  science,  should  most  sincerely  rejoice  at  tha 
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approach  of  any  real  improrameiit  la  iSbm  mnoflMlni  of  hm;  ni  M 
Mr.  Bessemer'a  prooesa  can  be  vealiied. ira  riMll  luril  Ik  wmitmhMa^d 
a  new  era  in  the  application  of  this  moat  inpflgtMi  and  motk  watU  ailaU 

We  have  given  the  fowgoing  ■iatiimaBta  undBrtta  faagwiflnftrtia— 
Mr.  Besaemer'fl  procesa  waa  oonddeiied  ■nnoiMftil,  w&  i^Bli  ^^  k*** 
occasion  to  enter  into  the  auljeet  of  tka  diangiM  idiloii  ifc  wtmli. 
the  application  of  iron  to  every  vaeftil  pmpom  of  iiiaMJiw^iuni 
existing  dnmmstancee,  where  ao  mtaxf  doobta  aze  riilwfalmil  of  Mi 
results,  we  feel  it  advisable  to  proeeed  to  the  iafiwtfflrfion  of  inm 
as  now  existing,  with  aneh  miiadal  aa  flie  prient  atata  of  fla 
commands. 

In  the  following  treatise  we  shall  have  to  teeafr— iiit»  of 
of  crude  or  cast  iron;  and  snbae^pienllj  of  the  appUoaiion of 
wronght-iron,  and  of  their  rektive  advamtagea  In  ooimeolkn  witik  lhi.jfl» 
stmctive  and  the  useful  arts. 

Gast^lnm  OidBaaoa,— Under  the  term  OwJawwa  aiia  tiMJoded  aB  <hwi 
offensive  weapons  which  we  caU  oaammt  mectan,  or  aitillaiy;  tbt^^m 
usually  constructed  of  a  composition  of  Inasa  or  of  eaatJmit  wioei^htJM 
having  been  sometimes  employed,  but  up  to  the  present  time  with  no  iBiiii> 
diate  prospect  of  coming  into  general  use. 

It  is  a  mere  conjecture  at  what  period  these  weapona  were  fixat  invntod. 
Philostratus  speaks  of  the  inhabitants  of  some  city  in  the  IndieB  thioami 
thunder  and  lightning  upon  their  enemies ;  and  some  writera  contead  tbit 
they  were  known  as  early  as  the  time  of  Alexander  the  Great;  hot  sU  waA 
early  accoimts  are  exceedingly  vague  and  unsatisfactory ;  and  alduM(^ 
it  is  asserted  by  travellers  that  guns  were  used  in  China  as  far  baekastki 
beginning  of  the  Christian  era,  we  are  satisfied,  if  we  are  to  judge  fron^ 
state  of  their  ordnance  during  the  war  of  1843,  that  little  progreaa  oouldbsft 
been  made  in  their  artillery  practice  previous  to  that  time. 

The  first  explicit  mention  of  guns  and  gunpowder  occun  in  the  woibfll 
Roger  Bacon,  who  wrote  in  the  thirteenth  century;  but  they  were  nen 
practically  employed  until  the  time  of  Schwartz,  a  German  monk,  in  lS20t 
for  whom  is  claimed  the  invention  of  the  arm  caUed  the  mortar.  A  skoyii 
related  that  some  ingredients,  which  he  had  been  pounding  in  a  mortar,  «■• 
accidentally  set  fire  to,  and  exploded  with  a  loud  report,  carrying  the  itooi 
which  covered  it  to  a  considerable  distance.  This  circuinstance  is  wan 
than  probable;  and  hence  follows  the  origin  and  retention  of  the  tea 
mortar. 

Shortly  after  the  discovery  of  Schwartz,  guns  began  to  be  emplojad  ii 
warfEure ;  and  as  casting  in  iron  was  then  unknown,  they  were  made  of  stnsg 
iron  bars  like  the  staves  of  a  cask,  strengthened  by  hoops  to  prerant  flMir 
separating  during  the  discharge.  Some  of  these  primitive  guns  are  stiU  ^ 
be  seen  at  Woolwich  and  Edinburgh  Castle.  Othen,  again,  were  made  d 
hammered  sheets  of  iron,  rolled  up  and  hooped  to  the  form  of  the  gun;  bi^ 
aU  these  constructions  were  so  imperfect,  that  their  emph^ymentin  warf^ 
was  very  limited,  and  they  proved  almost  as  dan^^erous  to  their 
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to  the  enemy.    James  the  Second  of  Scotland  was  killed  by  the  bnrstiBg  ol 
one  of  his  own  cannon,  at  the  siege  of  Roxburgh  Castle,  in  1400. 

At  this  early  period,  not  only  was  the  material  of  the  guns  defective  and 
the  construction  imperfect,  from  want  of  skill  in  the  manufacture,  but  it  is 
probable  that  the  gunpowder  also  was  deficient  in  strength,  and  was  used  in 
small  quantities.  Hence  it  was  that  so  long  a  time  elapsed  before  they  were 
brooght  into  general  employment.  In  1340,  during  the  reign  of  Edward  the 
mrd,  they  were  made  use  of  at  the  battle  of  Cressy,  and  in  1347  |at  the 
siege  of  Calais.  From  that  time  w^  hear  of  no  improvements  in  their  con- 
stmetion  till  1304,  when  they  were  employed  at  the  siege  of  Constantinople 
by  the  Turks ;  and  we  have  reason  to  believe  that  the  cannon  used  by  them 
were  cast  of  brass,  as  they  threw  balls  of  100  lbs.  weight,  but  generally  burst 
at  the  first  or  second  round.  From  this  time  till  castriron  came  into  use  for 
the  manufacture  of  guns  and  mortars,  we  may  reasonably  infer  that  they 
were  mostly  of  brass,  and  that  the  old  system  of  hoops  and  bars  was  discon- 
tinued. At  what  period  iron  first  came  into  use  for  the  castuig  of  ordnance 
it  micertain,  but  it  is  supposed  that  several  32-pounders  were  cast  during  the 
zflign  of  Charles  the  Second.  Mr.  MuUcr  was,  however,  the  strong  advocate 
of  iron  as  a  substitute  for  brass ;  he  argues  forcibly,  and  maintains  that  it  is 
not  only  stronger,  but  more  retentive  of  form  than  brass ;  and  states  that 
"  the  advantage  of  using  iron  guns  in  the  field  instead  of  brass  will  be,  that 
the  expenses  are  lessened  in  the  proportion  of  the  cost  of  brass  to  that  of 
iratt,  which  is  as  B :  1.**  And,  again,  "  the  only  objection  against  iron  is  its 
pretended  brittleness ;  but,  as  we  abound  in  iron  that  is  stronger  and  tougher 
thaii  any  brass,  this  objection  is  invalid.  This  I  can  assert,  having  seen 
■ome  that  cannot  be  broken  by  any  force,  and  vnH  flatten  like  hammered 
iron.  If,  then,  we  use  such  iron,  there  can  be  no  danger  of  tlie  guns  bursting 
in  the  most  severe  action."  Such  were  tlie  views  of  Muller  at  an  early 
period  of  iron-casting ;  but  it  was  not  until  after  a  long  succession  of  years 
that  cast-iron  came  into  general  use  for  this  purpose. 

The  Carron  Company  in  Scotland  were  among  the  first  to  introduce  im- 
provements in  the  manufacture  of  castriron  guns ;  and  Mr.  Charles  Gascoigne, 
one  of  the  earliest  directors  of  those  works,  invented,  or  rather  improved,  the 
ozronade,  which  was  established  as  the  standard  navy  gun  in  1770.  '  We 
tte  not  in  possession  of  the  mixtures  from  which  these  and  otlier  guns  since 
east  at  Carron  were  made ;  but,  judging  from  the  strength  and  other  properties 
of  the  metals  then  in  use,  we  should  infer,  from  their  durability,  that  a  careful 
•election  was  made.    Undpr  all  the  circumstances,  it  is  evident  that  the  ma- 
terial produced  at  this  time  by  the  smelting  process  was  more  to  be  depended 
upon  as  an  article  of  commerce  than  at  present.    We  have  only  to  compare 
fke  gnna  wliich  were  cast  in  the  early  days  of  the  Carron  and  Lowmoor 
Company's  works,  with  those  recently  constructed,  to  be  convinced  of  the 
iifierior  quality  of  the  iron  from  which  the  guns  and  mortars  employed  in 
&  last  war  were  cast. 

To  show  the  progressive  improvement  that  has  taken  place  in  the  forms 
of  oidiuince,  we  shall  give  a  few  examples  of  ancient  guns :  in  comparing 


\ 


them  with  those  at  present  employed,  it  must,  however,  be  borne  in  minJ 
that  tiiere  is  a,  nide  (Ufference  between  the  streiigth  of  the  gunpowder  of  Use 
present  day,  and  that  which  was  in  tibc  at  the  timo  when 
was  first  gcnorallj  employed,  end  before  the  now  sjBtem  of 
granulation  irilh  poworful  machinery  was  introdnc<KL 

Yig.  1  exhibits  a  brass  gtm,  executed  for  the  FYcnch  Govenunent  in  tht 
year  ITII^;  it  ia  highly  omunentnl,  and  of  great  weight  and  length.  Hg  " 
is  a  longitodinid  eectioa  of  the  same,  ^y  which  it  will  htt  seen  th«  lie 
bore  >v8a  coniool,  not  cylindrical.  This  form  was  adopted  to  lessen  ttie  bkr 
Hon ;  but  the  tfimtage,  or  eMape  of  the  gm  over  tlie  ball,  most  hoTe  Tsy 
much  decreased  tlio 
range.  It  was  found 
exceedingly  diiBeult 
to  work;  and  when 
of  largo  colibro,  to- 
tally unmanageable.  ns-l. 

Proposob  for  redndng  the  vaight  and  gnat  «xp(insfl  of  brass  gnm  ' 

received  eonsideiBWo 

attention  towards  Ihi^ 

middle    of  the  Int  ' 

eeotuy:  andtbendr 

Btitution  of  iron  ftr 

Fig.  a.  brnss  w 

by  the  improvemenls  tilrefldy  noticed.    Shortly  after  tlte  coram  encemeal  of 

tlie  iron.works  at  Carron,  it  is  stated  that  tlio  armament  of  the  old  "  RonI 

Qcorge,"  which  consisted  of  100  brass  gnns,  wcigliing  SIS  tons,  and  o. 


LJ 

Kg.  3. 

£38,340,  would,  if  east  of  iron,  be  of  lees  weight,  and  cost  only  abont  itlWL 

This  ia  n  low  estimate  in  &vour  of  iron ;  but 

the  improvements  efl'ectcdby  tlie  introdnction 

of  the  carronnde,  or  short  cannon,  not  only 

rednccd  tho  weight,  but  increased  the  effi. 

cieucy  of  the  gnn  for  service  on  board  ship. 

Fig.  3  reprraents  this  description  of  giin, 
which  has  been  extensively  need  in  the  navy 
for  many  years  past,  and  has  done  good  service 
dnring  the  days  of  Rodney,  Jorvis,  Howe,  and  Nelson.    Pig.  4  rojaesmti  I 
howitzer  of  the  same  date :  this  weapon  wvs  extensively  employed  fo  thn*' 


tit.*. 
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ujg^  ahells  and  other  missiles  on  land  as  well  as  on  ship-board.  Since  £he 
utrodnction  of  steam  navigation,  and  during  the  late  war,  the  armament 
>f'  the  navy  has  been  immensely  increased  in  weight  and  power ;  and  the 
result  is  a^greatly  extended  range  and  the  employment  of  heavier  missiles. 

The  object  of  this  inquiry  is  not,  however,  a  treatise  on  gunnery,  but  to 
arace,  as  £Eur  as  possible,  from  the  earliest  period  up  to  the  present  time,  the 
ipplication  of  iron  to  the  arts,  destructiye  as  well  as  useful ;  to  trace  the 
improvements  which  were  made;  and  to  point  out  the  conditions  and  circum- 
stances imder  which  it  may  be  yet  more  extensively  applied  as  a  material  of 
construction.  To  attain  these  objects,  we  sliall  have  to  refer  to  the  writings 
of  those  who  have  so  largely  conMbuted  to  the  improvement  of  the  material, 
as  well  as  its  application;  and  also  to  those  researches  in  experimental 
science,  which  have  rendered  its  strength  and  other  properties  familiar  to 
the  iron-founder  and  the  enginoor. 

In  regard  to  the  advantages  of  iron  over  every  other  material  at  our 
disposal  for  the  construction  of  cannon,  little  need  be  said;  its  strength, 
density,  rigidity,  and  cheapness,  all  point  out  its  great  superiority.  But 
another  question  arises,  not  so  easily  settled — In  what  form  should  it  be  em- 
ployed, whether  as  cast-iron,  steel,  or  wrought-iron  ?  Up  to  tlie  present  time, 
wiought-iron  has  not  been,  in  a  general  sense,  applied  otlierwise  than  experi- 
mentally; as,  however,  our  readers  have  seen  in  Mr.  Clay's  paper  on 
Wrought-Iron,  the  monster  wrought-iron  gun  has,  so  far  as  the  experiments 
have  proceeded,  yielded  very  satisfactory  results. 

Attempts  were  made  some  time  ago  to  substitute  steel  for  cast-iron  in  the 
manufacture  of  artillery.  Herr  Kru|>p,  of  Essen,  one  of  the  most  distinguished 
steel  manufacturers  in  Europe,  proposed  castrsteel  as  a  material  for  ordnance 
in  the  year  1847 ;  and  his  first  gun,  a  Spoundcr,  was  submitted  to  very 
severe  tests  at  Berlin  in  1849,  under  which  it  finally  burst.  In  1855,  a 
12-pounder  of  the  same  material  was  sent  to  tlus  country,  which  withstood 
very  severe  tests.  About  the  same  time  a  cylinder  of  cast-stccl  was  sent 
from  Essen,  which  was  bored  to  the  calibre  of  an  eight-inch  gun;  and 
when  here  it  was  cased  in  a  cast-iron  jacket.  The  cast-steel  gun  weighed 
live  tons,  the  casing  four  tons.  It  was  tried  at  Woolwich,  and  burst 
on  the  first  fire,  with  a  less  weight  of  powder  tlian  the  ordinary  proof- 
charge.  This  failure  seems  conclusive  as  to  the  inefficiency  of  steel  as  a  sub- 
stitute for  iron ;  more  especially  when  we  consider  its  enormous  cost.  Hence 
it  is  that  we  consider  cast-iron,  when  properly  prepared,  to  be  superior  to 
every  otlier  material  for  the  construction  of  ordnance ;  but  great  care  requires 
to  be  exercised  in  the  selection  of  the  iron,  and  in  its  preparation. 

Until  the  period  when  coal  was  first  appUed  to  the  reduction  of  iron  ores 
in  place  of  charcoal,  a  much  purer  iron  was  obtained  than  at  present.  The 
crude  iron  produced  from  the  charcoal-furnace  was  generally  much  more  free 
from  phosphorus  and  sulphur;  and  consequently  a  much  more  tenacious 
metal,  admirably  adapted  for  casting  artillery  and  heavy  guns,  was  obtained. 
Bat  since  the  employment  of  coke,  and  more  particularly  since  the  appUcation 
of  the  hot-blaat,  and  the  use  of  raw  coal,  tlic  iron-master  has  been  enabled  to 


increase  his  prodaction  tenfold ;  and  soeh  an  "tibe  IhwiHtfaa  aftidadlijflM 
enormons  redncthre  power  of  mineral  ibel,  thai  he  ktaaopM  to  iBflnaai  4m 
qnantity  at  thQ  expense  of  the  qnaUtjthcAhliytooxai^idll^ftniiigbHMh' 
ing  process,  and  by  the  nse  of  impuxesiatsriab.  It  is  fme  flnl  aUttom^ftii 
increasing  and  cheapening  the  pioeeaa  ia  a  legWinateoljaetflnftepartrf 
the  mann&cturer,  it  is  neverfheleaa  not  calenlated  to  jtodnoelnB  iiiilalileiBr 
artillery.  When  a  metal  ia  veqnited  far  soeh  a  pvnpoae,  fber^mibakmn 
should  be  observed  in  its  prepantion.  Ghaiooal-iioni,  lAea  it  can  he  obtaiBBi 
is  nndonbtedly  the  best ;  and  it  Tnll  be  (bond  adrantagMiiu  tozemeltifcananl 
times  before  casting,  if  it  be  of  No.  1  or  No.  8  quality. 

In  selecting  iron  for  guns,  the  American  government  baa  adopted  tbe]io 
of  testing  the  quality  by  a  breaMng-machine,  by  wMeh  tihe  tflBttd^  of  fti 
iron  is  shown  in  its  powers  of  resi^g  a  tensile  or  tnaeveiae  atndn.  Itt 
machine  is  useful  to  the  iron-founder  in  seleoting  hia  T"ftr^*T  ia  ewy  flM 
where  strength  and  tenacity  is  the  otject  to  be  attained. 

In  some  experimental  reseaiehea  undertaken  by  Mr.  fUibaiiii,  at  As 
request  of  the  British  Association  fbr  the  Adranoement  of  Scienee,  and  fA- 
lished  in  their  Proceedings  in  1 858,  the  effects  of  remelting  upon  a  ffaie  qofBtf 
of  Eglinton  hot-blast  iron,  No.  3,  were  tested,  and  it  was  ascertained  that  hSi 
not  reach  its  maximum  power  of  resistance  untQ  it  had  been  remelted  tvdw 
times ;  and  from  thence  to  the  fourteenth  melting  it  deteriorated  rapldlf,  as 
may  be  seen  by  the  following  table  of  results : — 


Meantnuu- 

Mean 

Power  to 
re«i»t  impact; 

IIm 

Reelataneeto 

No.  of 

Specific 

▼enebreidc- 

ultimate 

OGmpreMun 

melting. 

graritics. 

ing  weight: 

deflection ; 

perNjoare 

Ibo. 

inches. 

inehintoae. 

1 

6-969 

4900 

1*440 

705*6 

44-0 

2 

6970 

441*9 

1-446 

6309 

43-6 

8 

6-886 

401*6 

1*486 

696-7 

4M 

4 

6*938 

413-4 

1*260 

520*8 

40*7 

6 

6-842 

431*6 

1*503 

6486 

41*1 

6 

6-771 

438-7 

1*320 

5790 

41*1 

7 

6-879 

4491 

1*440 

646*7 

40*9 

8 

7025 

491*3 

1*753 

861*2 

41*1 

9 

7102 

546-5 

1*620 

885-3 

551 

10 

7108 

566-9 

1-626 

921*7 

57  7 

11 

7113 

6519 

1-636 

1066*5 

^9-8 

12 

7-160 

692-1 

1*666 

1158*0 

781 

13 

7134 

634-8 

1*646 

1044*9 

66*0« 

14 

7-530 

603*4 

1*518 

912-9 

95*9 

15 

7-248 

3711 

0*643 

238-6 

76*7 

16 
17 
18 

7-330 

351*3 

0*566 

198-5 

70*5 

7-385 

312*7 

0-476 

148-8 

880 

*  In  the  thirteenth  experiment  the  cube  did  not  bed  properly  upon  the  stedfblcii 
otherwifle  it  woiUd  have  resisted  a  much  greater  force— probably  from  eiriity  or  ci^- 
fiye  tons.  It  is  also  to  be  observed  that  there  is  some  acoordanoe  oetvesn  the* 
experiments  and  the  similar  ones  on  malleable  iron  reported  in  Mr.  Glay'sjMpcii  *^ 
page  818,  where  the  greatest  resisting  force  occurred  at  the  sixth  heating.— aD. 
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The  results  on  transverse  breaking-weight  were  obtained  from  experiments 
a  bars  of  one  inch  square  and  four  feet  six  inches  between  supports ;  those 
a  impact  were  calcuhited  by  multiplying  the  transverse  brealdng  weight  by 
le  ultimate  deflection ;  and  those  on  compression  by  experiments  on  three- 
uarter  inch  and  five-eighth  inch  cubes. 

Other  experiments  were  undertaken  by  Mr.  Fairbaim,  but  they  varied 
onsiderably  from  the  above;  some  specimens  attaining  their  maximum 
trength  at  the  third  or  fourth  melting.  In  order  to  determine  the  value  and 
esisting  power  of  cast>iron  under  di£ferent  modes  of  treatment  in  the  prepara- 
ion  of  metals,  Mr.  FaLrbaiin  was  reqvested  to  undertake  a  series  of  experi- 
nents  on  24-pounder  guns,  under  the  direction  of  the  Board  of  Ordnance ; 
md  as  these  experiments  exhibit  important  results,  we  are  probably  justified 
n  giving  the  following  abstract  from  the  Beports  of  the  Boyal  Artillery 
Lostitntion : — 

*'  Mr.  Fairbaim'$  Experimental  Cast-iron  24rP<mnder  Gum, — Six  experi- 
mental 24-pounder  iron  guns,  each  nine  feet  six  inches  in  length  and  fifty 
ewt  in  weight,  were  cast  under  the  direction  of  W.  Fairbaim,  Esq.,  by  the 
Bank-Quay  Foundry,  during  the  months  of  August  and  September^  1855 ; 
the  greatest  possible  care  was  used  in  selecting  the  strongest  and  purest 
metal,  and  in  every  process  connected  with  the  casting.  The  guns  were 
lettered  A,  B,  0,  D,  E,  and  F. 

"  A — Cast  firom  the  Bank-Quay  Foundry  mixture,  consisting  of : — 

rNo.  1    2cwt.^ 


Blaenavon  cold  blast 


43cwt. 


No.  2  15    „ 
INo.  3  26    .. 

Lilly's  HaU  cold  blast  No.  3 32 

Pontypool  cold  blast     No.  3 15 

Total  90 

*«  B — Cast  from  pig- iron  remelted  once,  and  then  run  into  the  mould  in 

the  usual  way. 
"  C — Cast  from  the  Bank-Quay  Foundry  mixture,  run  from  the  cupola 

and  remelted  by  desulphurized  coke. 
"  D — Cast  from  the  Bank-Quay  Foundry  mixture  under  a  dead-head 

pressure  of  thirteen  feet  nine  inches. 
« E — Cast  from  pig-iron  remelted  once,  and  then  run  into  the  mould 

under  dead-head  pressure. 
"  F — Cast  from  the  Bank-Quay  Foundry  mixture,  with  a  core  in  the 
centre.    The  great  heat  caused  the  iron  core  to  adhere  to  the  metal, 
and  the  cast  was  consequently  a  failure. 
"  The  guns  marked  A,  B,  C,  D,  E,  were  gauged,  examined,  and  proved  in 
the  Boyal  Arsenal  on  the  9th  and  23rd  October,  1855,  and  then  removed  to 
the  Butt  in  the  marshes  for  experiment    The  experiments  were  commenced 
80th  November,  and  were  terminated  21st  December,  1855.    The  charges 
used  were  as  follow : — 


Ife. 


6  12  4  * 

3  13  6  a 

"  GjUndarB  averagiiig  1 41  lbs.  in  weight,  or  eqnal  to  ax.  shot,  n'on  bm 
■nbstjtutvd  tor  the  shut,  end  tlia  experiment  contiiiiied : — 

No.  of  rounds,  Powiler.        Cylinder.  Wails, 

2  12  Hllba.  1 

2  11  144  ,.   ondlabot.      I  V'bunL 

1  11  111  ..  ..  1  Bbunt. 

1  11  111  ,.  „  1  A&EboiiL 

"  The  Mvera  lAst  which  iheae  guns  stood  before  borating,  wBdrii  •  ■fit' 
fiwtoiy  proof  of  the  Tolue  of  good  cast-iron  na  a  matmal  for  oidnanw,  t» 
Tided  tha  metal  be  properly  prepared  and  judioiaiuly  treated  dnnn^  tki 
process  of  outing.  It  will  be  observed  tli&t  C  gun  hurst  at  &  compsntmlf 
eulj  stage  of  the  trial :  this  appeared  to  have  been  caused  lij  fru^menti  di 
shot  broken  hy  contact  with  each  other  within  the  bore.  Ou  conmu 
the  expet-hnent,  tlie  guns  were  placed  on  the  groimd.  and  thediBinzdMiif 
porl«d  by  blocks  of  wood,  as  is  nsDolinlhe  proof  of  ordn&nee.  Sodsofwdu 
and  holes  dug  in  tlio  slope  of  ground  in  tlie  rear,  somewhat  checked  tin 
recoil.  After  a  time,  whoii  the  guns  wero  heavily  shotted,  the  reciul  beotiM 
BO  groat  that  otlier  means  for  cliccking  it  l)ecame  nece8Bai7 ;  beams  of  wwi 
were  driven  horizontally  into  the  bank,  and  the  button  of  oach  gan  broa^ 
against  tlie  end  of  a  beam  ;  the  boama  wero,  however,  soon'  eplit.  Betf 
piles  of  tiinher  were  tlien  driven  into  the  ground  in  the  rear,  and  anppcitid 
by  cross-beams ;  this  formed  a  bulkhead  nhich  effectaally  rcaialcd  any  to- 
tlier  recoil. 

"  The  unmbor  of  pieces  into  which  each  gun  bnrst  varied  from  filter  tit 
twenty  four,  besides  many  small  fragments  :  large  pieces  wore  thrown  ecoM' 
derable  distances ;  one  piece  fell  seven  hundred  yards  to  the  ri^t.  In  sreiT 
inatajtce  hut  one.  when  the  guns  burst,  the  shot  or  cylinders  and  shotnn 
driven  into  the  Batt  aa  UBoal.  In  the  case  of  A,  the  exception  alluded 
half  of  the  cylinder  was  found  among  the  fragments  of  the  gun.  It  ap, 
evident  that  this  gun  had  hurst  before  the  inertia  of  the  charge  had  hem 
completely  overcome,  and  tJiat  the  cylinder  wsa  broken  by  contact  i 
tiie  fracture  of  the  bore. 

"  It  ivill  be  seen  that  A  and  E  gone  stood  the  greatest  number  of  rotmtiK 
From  ou  examination  of  the  granular  character  of  the  fragmenta  of  bott 
guns,  it  was  concluded  that  the  metal  of  E  waa  the  best  In  thia  c^inkw  Kr. 
Foirbaim  ooneorred.  He  attributed  the  cIoemt  and  stronger  gnlnediMlil 
pwUy  to  tha  remelting  of  the  iron,  and  partly  to  the  great  lea^  of  imi- 
head,  aeventeen  &«t  three  inches ;  and  it  wilt  be  admitted  that  boA  gum 
stood  an  sKoeedingly  severe  test." 
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The  following  table  gives  the  number  of  rounds,  weight  of  metal  dis> 
chazged,  and  quantity  of  powder  used,  in  the  above  trials : — 


Mark 

Ko.  of 

Quantity  of  pow- 

oagun. 

rounds. 

der  UBod,  in  Iba. 

A 

38 

364 

B 

82 

260 

C 

X7 

160 

D 

31 

836 

£ 

33 

364 

Total  weight 
of  shot,  in  lbs. 

3120 

2952 

1152 

2784 

3120 


"Weight  of    Projected  to  a 
fragments,     distanco  of 
2Jcwt 

4 
5 


)} 


256 
300 
300 
450 
700  or  800 


From  a  vdume  of  *'  Beports  of  Experiments  on  the  Strength  and  other 
I^perties  of  Metals  for  Cannon/'  published  by  the  Grovemment  of  the  United 
States  of  America,  and  presented  to  the  writer  of  this  article  by  the  in- 
telligent experimenter  Mr.  Wade,  we  have  extracted  the  following  results, 
which  may  be  valuable  in  connection  with  all  castiron  constructions  where 
great  strength  is  a  desideratum. 

To  ascertain  in  what  manner  the  quality  of  iron  was  affected  by  its  con- 
tinnance  in  fosion,  exposed  to  an  intense  heat,  for  longer  or  shorter  periods  of 
time,  four  G-ponnder  guns  were  cast  and  tested  in  the  usual  way  by  firing. 
The  charges  were  so  arranged  as  to  give  a  gradually  increasing  force  at  each 
tneceanTe  fire  up  to  some  convenient  maximimi,  and  then  to  continue  that 
tin  tiie  gun  burst.  Thus,  commencing  with  two  pounds  of  powder  and  t^vo 
balls,  the  charges  were  gradually  increased  till  they  reached  the  maximum 
charge  of  three  pounds  of  powder  and  sixteen  balls,  at  the  twenty-third  fire ; 
this  charge  was  continued  till  the  thirty-sixth  fire,  and  then  the  only  gun  re- 
maining was  tried  with  two  charges  of  six  pounds  of  powder  and  seven  balls. 
The  resaita  are  given  below : — 


Iron  in  fusion. 
Hours. 

i 

H 

8 
3J 


No.  of  fires  Powder  used.  No.  of  bolls 

made.                lbs.  discharged. 

81                    75  367 

34                    84  415 

38                   102  461 

25                    57  271 


Endurance. 

Burst  at  3l8t  fire. 
Burst  at  34th  fire. 
KemaizLS  unbroken. 
Burst  at  28th  fire. 


It  would  appear  from  the  above,  that  the  throe  hours*  fiision  gave  a  maxi- 
mum result  of  tenacity  with  this  iron ;  and  Mr.  Wade  considers  that  tliese 
facta  8atia£actorily  prove  that  a  prolonged  exposure  docs  augment  the  cohe- 
sive strength  of  iron  up  to  some  limit  not  yet  well  ascertained-;  but  that  if  ex- 
tended beyond  that  limit,  the  strength  of  the  iron  is  thereby  diminished.  The 
same  increase  of  strength  was  apparent  in  some  experiments  on  bars.  In 
meet  irons,  extended  fusion  has  the  effect  of  producing  increased  tenacity ;  but 
this  increaae  of  strength  is  more  apparent  in  iron  from  the  air-furnace  than 
fipoan  the  cupola,  and  the  utmost  care  is  required  in  some  irons  not  to  exceed 
the  limits  at  which  fusion  is  satisfactorily  attained.  This  point  is  generally 
determined  by  the  practised  eye  of  the  furnace-man  and  founder. 

In  1861,  Mr.  Wade  made  some  very  successful  attempts  to  cast  guna 
heiDow,  and  to  cool  them  from  the  interior.    The  moulds  of  two  8-inch  colnm- 
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biads  were  placed  in  open  pit! :  oneof  theiwithigi 
in  the  nsoal  manner;  the  other  wueiflkliolknrlix 
a  tabe  of  cast-iron,  thiongh  whkih  >  atreimof  waiairciwnktad  wMlefta 
wascodling.  Tlin  i  iii ii  liilin  win  ninnni!  at  flit Inminr  nnil. tlin  ■■!■  Mm 
dncted  to  &e  bottomof  it  by  aa  interior  tiibe  plaoed  in  ilia  oeBtoaof  dw 
and  rising  in  the  annnlar  space  between  the  tabes,  fowad  off  aboft  AacMt 
ing  in  a  heated  state.  The  exterior  of  liiemoiill  was  heated  flo  as  to  |nni^ 
its  cooling  there.  Two  lO-inchoolnmUadiwenalaoeaalioneMiidtAieofta 
hollow  as  above,  excepting  that  the  exterior  antfiMMwaa  allofwed  to  eool 
rapidly.  Th^  were  tried  by  eontiniioiui  ffaang  in  flia  vaoal 
following  results  were  obtained  >- 

TSfiVBiL 

.  lOOOflzea. 
.     SOfiniL 


8-inch  gun,  No.  8,  east  solid 
8  inch  gun,  No.  4,  oast  hollow 
10-inch  gun,  No.  5,  east  solid 
10-inch  gant  No^  6,  east  hoDow 


The  8-inch  gon.No.  4,  remaiaed  unhrolcen,  sppaiept^y  cspsMs  rf —A 
fhriher  service.  Samples  taken  from  different  parts  of  the  burst  gm, 
showed  great  unifonnity  in  the  tenacity  of  the  specimens ;  the  mean  deno^ 
of  tliirty-eight  specimens  being  7*290,  and  the  mean  tenacity  87,800  lbs.  per 
square  inch.  The  following  table  gives  the  results  of  these  and  similar  tnili 
exhibited  at  one  view :~ 


Date. 

Description. 

Quality  of  iron  used. 

Bounda  fired. 

Density. 

Tenacity. 

CattsoUd. 

Castholkiv. 

1849 
1851 
1851 

First  pair,  8-inch  .     . 
Second  pair,  8-indi 
Third  pair,  10-inch 

Total  No.  of  fires  . 

7-223 
7-287 
7-292 

27488 
37811 
87817 

86 
73 
20 

251 

1500 

249 

■  • 

•  ■ 

178 

2000 

1844 

Trials  madcin  {  8-incb 

Boston,   both 

guns  cast  solid  ( lO-incl 

7-276 

•  • 

26367 

•  • 

781 
612 

•  • 

•  • 

Mr.  Wade  believes  that  this  great  difference  between  gons  east  huOflnr 
and  those  cast  solid,  conld  not  have  been  caused  by  any  accidental  csaifii* 
the  guns  being  cast  in  pairs  together,  and  every  precaution  beiiig  taken  in  tt« 
manufacture  and  proof  to  secure  uniform  results.  This  must  thereto  ^ 
ascribed  to  the  different  methods  by  which  the  castings  were  cooled.  Bit 
the  anomalous  results,  that  guns  cast  of  iron  of  the  same  density  and  tenaei^ 
afford  a  different  endurance  when  tested  by  gunpowder,  must  be  explaiDBi 
by  the  laws  which  govern  the  contraction  of  iron  when  cooling. 

On  this  subject,  Mr.  Wade  observes  that  "  it  is  known  that  tiie  CQB(ta^ 
tion  under  equal  reductions  of  temperature  is  different  in  iron  of  difiivt 
qualities :  soft  gray  iron,  which  contains  a  high  proportion  of  caxbon. 
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tractiDg  least ;  aud  that  which  founders  term  high,  which  is  hard,  hght,  and 
close-grained,  and  contains  the  least  percentage  of  carbon,  contracts  most, 
other  drcnmstances  being  equal.  The  contraction  of  the  same  iron  is  greater 
or  less,  according  to  the  greater  or  less  rapidity  with  which  it  is  cooled.  That 
'which  is  cooled  most  rapidly  contracts  most/' 

The  utmost  care  and  attention  is  required  on  the  part  of  the  engineer  and 
iron-lbunder,  to  regulate  the  cooling  aud  contraction  of  metals.  In  the  pro- 
Tince  of  the  former,  it  is  of  primary  importance  tliat  the  design  and  arrange- 
ment of  the  parts  of  castings  should  be  such  as  to  insure,  as  far  as  possible, 
nniformity  in  the  shrinkage,  so  that  there  should  be  equal  tension  in  all  the 
parts.  Nothing  is  so  dangerous  in  cast-iron  constructions  as  the  unequal 
tension  arising  from  contraction ;  and  in  cases  where  castings,  either  from 
necessity  or  otherwise,  have  their  parts  varied  in  thickness  or  position,  it 
requires  consideration  on  the  part  of  tlie  iron-founder  to  retain  the  fluidity 
of  the  thinner  parts  as  long  as  possible,  and  to  accelerate,  with  proper  pre- 
cautions, the  cooling  of  the  parts  which  contain  increased  quantities  of  metal. 
In  the  very  centre  of  castings,  a  principle  of  insecurity  and  danger  exists, 
which  not  unfrequently  tears  the  parts  asunder  vdih  a  loud  report.  Careful 
consideration  in  the  caster  wUl,  in  most  coses,  obviate  this  evil  In  the  cast- 
ing of  ordnance,  Mr.  Wade  observes,  that  a  largo  mass  of  metal,  like  a 
heavy  gun,  cools  from  the  exterior,  a  tliin  external  cnist  being  first  formed ; 
tlien,  on  the  interior  of  tliis,  a  second ;  aud  so  on  towards  tlie  centre.  Suppose 
that  just  as  all  the  liquid  iron  has  become  solid,  the  exterior  has  cooled  down 
to  the  temperature  of  tlie  atmosphere,  there  would  then  be  a  difference  of 
temperature  of  2700**  between  the  exterior  and  tlie  interior.  At  this  time 
it  woidd  be  entirely  free  and  unstrained  by  contraction;  "but  as  the  ex- 
terior of  the  casting  has  cooled  down  to  a  temperature  at  which  contraction 
has  ceased,  and  the  interior  remains  at  the  melting  point,  2700"*  higher,  the 
contraction  due  to  the  latter  (ift  p^urt  of  its  linear  dimensions)  is  yet  to  occur 
in  the  centre,  after  the  exterior  has  ceased  to  contract.  The  effect  of  such 
a  contraction  must  be  to  exert  a  strain  of  compression  on  the  exterior,  and 
one  of  elongation  on  the  interior.  The  above  supposes  an  extreme  case,^ 
which  a  maximum  of  difference  of  temperature  between  the  exterior  and 
interior  occurs — a  condition  which  never  occurs  in  practice.  But  it  serves, 
nevertheless,  to  explain  the  law  which  governs  the  contraction  of  iron,  and 
what  is  believed  to  bo  its  ii^'urious  effect  in  castings  which  are  unequallj- 
cooled.  What  remains  undetermined,  is  the  exact  measure  of  the  conse 
qnences  of  such  strains. 

"In  the  case  of  the  10-inch  gun  cast  solid,  which  burst  at  the  twentieth 
fire  (being  of  large  diameter,  and  made  of  very  high  iron,  botli  contributing 
to  a  large  contraction),  it  is  supposed  tliat  the  strain  thus  produced  was  nearlj" 
sufficient  of  itself  to  split  the  gun,  and  that  a  few  shocks  only  from  the  fixing 
were  required  to  complete  its  destruction." 

Comparing  the  two  guns  cast  solid  in  1851  with  those  cast  in  1844,  wo 
find  that  the  former,  made  of  high  iron,  giving  a  mean  test  strength  of 
I    37,814 lbs.  par  square  inch,  endured  only  a  mean  of  40  fires;  but  that  the 


Mto 


latter,  made  of  lower  iron,  giviiig  atai  itiwiKtK  of  caij  M^Tfc« 

ft  mean  of  671  fires.    This  was,  in  iU  prabsUMir,  ia 

greater  oontraotion  of  %A iron,    "RonlMi  tt^ppsMS,  ftst> 

strain  in  the  casting  is  of  mow  pwfltlesi  ifiltts  tfaiitt 

the  iron."    Hence,  either  the  bard  strasg  iraaB  BMHt  ke 

mannfactaire  of  hioKwj  ordnanoe,  and  soft  gn^  qvaUttss 

means  must  be  adopted  for  so  zagolating  flta  eooUvg 

the  existence  of  a  strain  arisiiig  from  niignal 

seems  to  be  eflected,  in  part  at  all  eronts,  by  Tiewtananft 

casting  with  a  core. 

Subsequently  to  the  above,  tiro  other  84im1i  cidhnabiad^ 
tried  by  fixing,  and  gave  the  fbUowjng  aoomalmia  v0n]Ai>— 

JkuHf*     TMiaoity. 

Cut  and  proTod  in  18ff  1  (leo  last  tiAla)    •    7*SS7  '        S7811 
Cost  in  1846,  and  prored  in  1853     .    .    -{7!^ 


te« 


*'  The  form,  dimensionis,  weight,  mode  of  casting  and  eodfiag,  nd  fc 
manner  of  proving,  were  the  same  in  all.  It  will  be  seen  that  the  gnn  irndB 
of  the  strongest  iron,  with  a  short  interval  of  time  between  its  manafiMlan 
and  proof,  endured  the  smallest  number  of  fires ;  and  that  thooe  mads  of 
weaker  iron,  but  proved  long  after  being  cast,  endured  the  greatest  numbflr." 

It  is  well  kno^vu  that  beams,  &c.,  submitted  to  severe  strain,  tend,  in 
of  time,  to  accommodate  themselves  to  the  position  they  are  forced  to 
and  by  some  molecular  change  acquire  a  large  permanent  set,  their  tenadtj 
being  litUe  injured.  The  above  anomalous  results  are  probably  ejxplaiiied  oa 
this  priuciple — a  molecular  change  having  taken  place  in  the  course  of  mom 
years,  and  the  strain  produced  by  unequid  contraction  being  relieved,  wooU 
permit  all  Uie  resisting  powers  of  the  metal  to  be  opposed  to  the  force  d  tbs 
charge. 

This  change  will  occur  the  more  rapidly,  if  another  strain  be  opposed  to 
that  produced  by  unequal  contraction.  If,  for  example,  a  cast-iron  beam 
(Fig.  «5)  has  a  thick  flange  on  the  bottom  side  at  B,  and  a  thin  one  cm  tbe 
other,  the  tendency  would  be  for  the  thin  side  to  solidify  some  time  befim 
the  other  had  cooled  down  to  that  point  In  the  act  of  cooling,  the  eoa- 
traction  of  the  metal  of  the  thin  flange  would  tend  to  give  it  a  concave  §aat'$ 
but  afterwards  the  larger  mass  of  metal  in  the  thick  flange,  ^asaLog  firom  the 
fluid  to  the  solid  state,  and  con- 
tracting still  more  forcibly,  would 
force  the  upper  flange  into  a  con- 
vex form,  as  shown  in  Fig.  5 ;  and 
ensure  a  considerable  tension  in 
flange  A,  by  bending  the  beam  up- 
wards,  and  forming  a  concavity  on 

the  under  side,  B .    A  beam  or  cast-  Fig.  5. 

ing  of  any  kind,  therefore,  having  one  side  in  a  state  of  tension  and  ^ 
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tier  in  a  state  of  compression,  with  its  cohesive  powers  uninjured,  is  pre- 
sely  in  the  most  favourable  condition  for  sustaining  a  load.  It  is  evident 
at,  in  submitting  a  beam  of  this  kind  to  strain  by  suspending  a  weight 
3in  the  middle,  as  at  W,  its  bearing  powers  are  improved  rather  than 
minished.  By  increasing  the  weight  till  the  deflection  of  the  beam  relieves 
le  tension  on  tiie  upper  flange,  by  forcing  the  particles  together  and  throwing 
tensUe  strain,  on  the  lower  flange,  the  beam  is  in  the  same  condition  for 
ipporting  a  load  as  if  no  strains  had  been  produced  by  contraction  in 
k>ling. 

In  the  case  of  cannon  cast  solid,  the  strains  produced  by  contraction, 
sting  in  the  opposite  direction  to  those  we  have  spoken  of,  tend  to  burst  the 
on  and  weaken  it,  by  acting  in  the  same  direction  as  the  strain  produced 
y  firing. 

Viewing  the  subject  in  tliis  light,  it  will  be  found  that  the  power  of  resist- 
nee  to  strain  is  constant,  when  the  load  remains  unifoim  and  undisturbed. 
!lms,  if  the  beam  (Fig.  5)  were  loaded  to  within  1-lOOth  part  of  its  breaking 
reight,  it  would  continue  to  support  that  load  ad  infinitum^  if  it  remained 
indistnrbed  and  without  change.  In  this  condition,  the  whole  of  its  powers  of 
esistance  are  brought  to  bear  upon  the  load.  Beverse  the  process  by  remov- 
ng  the  load,  replace  it,  and  continue  tliis  operation  of  removing  and  replacing 
or  some  time,  and  the  strains  produced  will  be  similar  to  those  of  the  guns 
rhich  were  burst  by  repeated  charges ;  each  of  which,  by  itself,  was  far  from 
efficient  to  seriously  injure  them.  By  such  repeated  strains,  tlie  molecular 
ioheaive  power  of  iron  is  destroyed ;  and  the  real  question  for  solution  is,  to 
vhat  extent  may  we  continue  these  changes  before  fracture  ensues.  By  the 
able  just  recorded,  it  will  be  seen  that  one  of  the  8- inch  guns  sustained  only 
^51  fires,  while  anotlier  remained  unbroken  after  1500  fires. 

In  aU  constructions  such  as  cannon,  it  is  essential  that  the  greatest  care 
ihould  be  taken  in  casting  to  have  the  metal  perfectly  liquid,  and  of  the  right 
emperature ;  to  give  time  in  the  cooling ;  and  to  assist  the  natural  process 
>f  crystallization,  so  as  to  allow  the  crystals  to  form  regularly,  in  order  to 
iisiire  uniformity  of  tension  in  all  the  parts.  In  the  selection  of  iron  for  the 
sasting  of  artillery,  the  greatest  circumspection  should  be  observed  to  obtain 
t  tree  from  sulphur  or  phosphorus.  The  metal  should,  in  our  opinion,  be 
Inctile,  but  closely  granulated,  and  of  a  specific  gravity  not  less  than  7*2. 
[ron  of  this  kind,  smelted  either  by  coke  or  charcoal,  is  generally  found  to 
possess  great  tenacity;  and,  if  properly  prepared,  by  remelting  a  few  times, 
iccording  to  the  quality  of  the  iron,  we  may  reasonably  conclude  that  guns 
amy  be  cast  that  will  stand  from  1500  to  2000  rounds  before  they  are  disabled, 
and  from  1000  to  1500  before  they  arc  pronounced  unfit  for  service. 
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CHAPTER  3DL 

oil  THE  UTLICATIOS  OF  CUtl  AHS  WROnoRT-lBda  T 


It  woold  be  interesting  to  tnca  tliA  Snt  devetopmeiit  of  east  and  ynaa^ 
iroa  Bppliuiees  to  millwarii  mnd  tamcH^aeiy ;  but  tbe  GnbJMtt  is  so  modi ' 
volred  in  obacori^,  and  orca  tha  tiaa  of  its  iatroductio&  is  so  luiccrtiuii. 
to  render  this  impoanbU.    Than  eumot  eust  a  donbt  diat  it  was  eiu[>bjc(l 

a  very  early  petiod  aa  a  wilietitQta  tot  brass,  or,  as  it  was  then  called,  gm- 
metal.in  the  mauafnctun  of  eaa&oii.  It  is  asserted  that  tlicre  wosaneipun 
of  castiroa  ordnance  to  tbe  Coiititteiit  as  eoify  as  the  reign  of  EUiibrth. 
Since  that  time  there  boa  been  %  progressive  extension  aud  imprDvcnent  d 
tbe  Bmelting  manu&ctnre  and  casting  of  iron,  uid  of  ita  af^cation  to 
rarietj  of  stroctures,  saeh  aa  steam-enginea,  architecture,  biidges,  ui 
macbinerjr.  One  of  the  earliest  and  most  extensive  applicutioiiB  of  iroa  vu 
opened  up  by  the  Colcbrookdale  GimpsDj,  by  tlieir  castings  for  the  iron 
bridge  wliich  crOEsca  the  Severn  at  Colebroolidale  in  1T7T,  and  liie  the 
bridge  at  bunderkud,  one  of  the  most  etnpeudooB  stmctores  of  iti  kind 
at  a  time  when  iron  conatracliana  were  but  little  known  and  iiiq>eifadlj 
understood.  Front  that  time  wo  may  date  the  commencement  of  anew  enii 
the  appUcation  of  castiron  to  tlie  constnictiTe  arts. 

About  the  same  time,  Mr.  Watt  availed  himself  of  the  advantagei  tiicat, 
which  could  be  rim  into  moulds,  for  the  construettou  of  the  steam-eD^M. 
'Without  the  ad  Tflutt^es  derived  from  costing,  and  the  fitcilitiesit^Teslotki 
multiplication  of  forms  of  every  description,  steam-eugines  and  other  oonstno- 

IB  would  bo  extremely  limited  and  imperfect ;  bat  with  the  aid  of  Ibt 
foundry  imd  tbe  forgo,  we  are  enabled  to  combiue  ereiy  form,  and  loBMt 
uU  tlic  requirements  of  an  enlarged  and  increasing  consumptiait. 

Of  what  advantDgo  would  the  constructioua  of  the  eleam-eofpAie,  niQiroA 
ad  mrxchineiy  be.  if  it  were  not  for  the  facilities  and  chc^nesa  with  idiicb 
these  constructions  are  effected  by  tlie  use  of  cast  iron?  and  howlabtdov 
and  expensive  would  it  be,  if  we  had  to  form  our  cylinders,  pumps,  and  siHV 

ei  out  of  wrought-iron  or  brass !  The  expense  would  be  enonnoiiB,  nd 
the  mftnufiicture  also  imperfect ;  hence  tlie  advantages  wo  derive  from  &■ 

of  iron  in  the  crude  slate,  when  it  can  be  moulded  and  run  into  tiaad 
every  eliape.  We  shall  endeavour  to  give,  in  consecutive  order,  the  vaiiaai 
uses  to  which  it  is  apphed ;  and.  by  comparing  the  present  with  the  pari.  «• 
shall  be  taught  how  much  we  have  leomt,  and  bow  much  we  have  j«t  to 
learn  in  all  its  appliances  to  mechanical  construction. 

It  is  not  more  than  a  century  since  toothed  wheeb  for  commonieatiBg 
motion  were  made  entirely  of  wood;  and  tliere  are  still  in  existence  sg*^  ' 
mens  of  tbe  eoy  and  rung,  with  large  wooden  shafts,  to  mark  the  state  of  At 
mechanical  arts  nt  a  time  not  much  beyond  the  memory  of  personi  •fi' 


WOOD  AMD  IBOK  OUAINa  COUPABZD. 

We  ooTwlTes  remeiabar  to  have  Been  one  of  the  fint  iron  wheels 

cMt  in  Scotland ;  and  we  believe  it  to  be  atiU  in  exiatence,  as  the 

,  dial-pUte  in  front  of  the  reGidenoe  of  the  late  Mr.  Wm.  Mnrdock  of 

ar  Binainghimi.    Since  then,  mill-geaiing  has  undergone  a  wonder- 

je,  attrUiutable  ahnost  entdrely  to  the  nee  of  cast  and  wrought-iron. 

Ample  of  the  state  of  millwork  little  more  than  eightf  years  ago,  we 

following  sketch,  showing  the  mode  of  constmction  as  it  then  existed, 

arison  with  the  manner  in  which  the  same  is  effected  at  the  present 

p  to  the  jear  1760,  most  of  the  mills  in  this  conntty,  and  other  paita 

e,  were  driTen  bf  wooden  wheels  and  shafts  of  the  annexed  form. 

lis  figure  of  a  corn-mill  (Fig.  6),  A  is  the  water-wheel  pnt  in  motion 

eam  of  water,  B  thq  pit- 

nd  C  the  upright  shaft  or 

ndle ;  and  on  this  shaft  the 

itone  was  fixed.    At  other 

len  more  than  one  pair  of 

are  required,  a  spitT-wheel 

an  (technicallj  called  "  cog 

;"}  gave  motion  to  three  or 

ra.     All  the  wheels  and 

were  of  wood,  constructed 

)it-wheel  B ,  the  teeth  bemg 

1  of  hard  wooden  pegs;  and 

n,  or  "  wallower,"  as  it  was 

3d,  was  constructed  of  round 

benalls,  inserted  into  and 

two  circular  discs,  as  shown 

avring  D,  Fig.  0. 

■Bating  these  with  the  con- 

B  of  the  present  daj.  as 

hy  onr  moat  eminent  en  -J^v'  ^" 

we  perceive  at  once   the 

benefits   conferred   npon 

science,  and  the  focil^bes  afforded  for  the  adToccemeut  of  the 
.tre  arts,  hy  the  appUcation  of  iron  ui  ita  crystalline  as  well  as  its 
i  state.  Tbe  wheels,  shafts,  and  supporting  framework,  gonerall; 
ited  fixings,  can  be  reproduced  or  multiphed  to  aoj  extent  by 
ram  the  original  model  It  is  in  this  that  the  nse  of  cast-iron 
om  that  of  malleable  iron,  for,  although  the  strength  and  duc- 
Jiis  material  is  greatly  increased  by  being  converted  mto  the  mal 
ate,  yet  each  wrought  iron  article  has  to  be  forged  separately,  and 
oed  and  turned  to  the  required  shape,  nhile  by  the  castmg  pro 
ire  enabled  to  produce  articles  of  everj  vanety  of  form,  and  often 
lite  beau^,  in  the  decorative  as  well  as  the  useful  arts ;  and  once 
lade  B  model,  we  may  produce  any  number  of  copies  that  may  be 
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coiital  shftft  A,  bv  meftns  of  tho  pinion  B,  which  woAa  into  the  foijiugj'l 
tlic  flr-\rh<«l  C  of  the  st^am-engino ;  uid  this  again  eomnnmicmtw  motiaa  d 
the  required  rolodty  to  the  vertical  spindles  of  from  nx  to  twen^  pain  t' 
itonea.  ^ua  ia  a  prcnt  iraproTement  over  the  old  plan,  in  which  a 
spur-wheel  on  a  Tcrticnl  shaft  ptre  motion  to  from  thiee  to  four  ] 
Btoneii,  and  where  all  the  n-heels  had  to  be  framed  of  wood. 
The  wheat,  as  it  arrives,  is  raised  to  the  top  of  Qiemill, 
hobt  or  teagle  D,  or  the  eleratora  KK;  and  from  thenee  it  iBoon*<Teltt 
flie  wheat  screening-machines,  one  of  which  is  seen  at  £.  n«MB  AM 
machines  it  passes  into  tho  Aicliimedian  creeper  F,  which  mna  aloBg  fti 
niiole  length  of  the  bnilding,  and  distributes  the  wheat  oqnaD;  throng  r" 
the  lioppera  G.  Thence  it  fidls  into  the  stones  which  are  indoMd  in  &(■ 
corers  H,  the  aapplj  being  regulated  hj  the  silent-feeder.  Aftsr  beiig 
ground  it  hlls  through  the  inverted  cones  into  the  Arehimediaii  creopcrl. 
which  conveja  it  to  the  end  of  the  building,  whenoe  it  is  raised  b^  anoAs 
line  of  eleratoTs  to  the  creeper  N;  and  fr«m  thence  it  is  passed  to  UwoooliBg 
room  0,  and  the  dressing  machines  H,  where  it  is  separated  frinn  the  !«■*? 
and  prepared  for  the  maAet  In  addition  to  the  principal  diinng  gev,  tt* 
framei  and  inverted  cones  are  composed  of  castirao ;  sad  the  i^iaAi 
and  Uf^ter  nhnfting  for  driving  the  cleaning  and  dreaaing  maohinaiy  b  tt* 
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oms  above,  ue  oouatmcted  of  malleable  iron,  carefullj  turaed  and  finished, 
:d  fitted  vith  the  greatest  accniuc;  to  their  bearings.  ' 

The  floor  mills  of  the  preeeut  day  are,  moreover,  made  self-acting,  by  tiie  , 
«  of  Archimedian  screw  creepers,  similar  to  those  occasionallj  employed  , 
r  raising  water,  and  other  elevators  and  appendages,  which  carry  on  a  j 
nsecutive  prooeas  in  the  monnfactoro.  This  description  of  machinery 
old  not  have  been  executed  but  for  Qie  extensive  use  of  iron,  and  the 
.provements  introduced  by  Mr.  Fairboim  in  the  system  of  gearing  direct  ' 
>ni  the  fly-wheel,  placing  tlie  mill-stouea  longitudinally,  in  a  stnught  hoe,  ! 
d  adopting  the  silent-feeder  for  supplying  the  stones  with  groin.  All  | 
ese  improvements  give  a  degree  of  neatness  and  durabihty  to  the  construe-  j 
>n  that  could  not  have  been  accomplished  where  wood  was  employed  as  the  | 
ly  material  of  construction. 

It  is  not,  however,  iu  com-miUs  alone  tliat  iron  has  produced  such 
anges.  It  has  introduced  still  greater  improvements  in  the  madiinery  for 
insmitting  motion  to  the  diCTerent  machines  employed  in  the  manu&ctttre 
tlie  textile  fabrica..  The  writer  recollects  the  ponderous  shafts  and  heavy 
nms  of  former  days,  that  used  to  utter  groans  and  loud  complaints  at  eveiy 
rolntion ;  and  he  attributes  much  of  liis  on-n  early  success  in  life  to  the 
anges  efiecled  by  the  increased  velocities,  and  great  reduction  of  weight 
machinery,  accomplished  by  the  employment  of  iron. 

like  every  other  improvement,  it  was  at  first  sturdily  opposed ;  bat  op- 
Bition  at  last  gave  way  to  the  numerous  advantages—such  as  economy  of 


wer  and  cost  of  construction,  greater  durabilify,  accuracy,  and  exterior 

liah,  with  a  perfectly  noiseless  motion — which  these  changes  introduced. 

The  annexed  sketch.  Fig.  8,  ex- 

]  [in  i-rn  hibits  the  form  of  a  horizontal 

■™"^^  IJ^^^^"^^^^"^!*^^^    shaft  and  dram,  as  it  existed  in 

^  some  of  our  ootton-milla  fiffy 

,  years  ago ;  and  Fig.  0  the  same 

I  as  it  is  now  constructed. 

^    ■  From  the   above   it  will   be 

Utent  that  t  rerj  oonsiderKble  eaving  of  power,  as  well  as  of  material, 
t>  affected  by  the  nibstitution  of  light  shafts  at  high  velocitdes  for  the  pon- 
I,  which  oonld  only  be  ran  at  low  b^caAa,  ui&*^«(^'^fiQb. 


~by>wDodaidm 
nowU  ii  iilililiiiiillij  ■  lijilil  i»iiniiHiij  mi  jiiilMiBilli  Art,  liwlnii 
thiM  to  font  timM  the  ^Md.  Tht  ibaft  ■ad  <naB,HK.lLmA(itM 
to  10  nrolnliaos  per  minuts,  r^nscnt  f^BgamaOt^mnUkfyttnt^l 
uid  Fig.  9,  mt  100  to  110  rerolulioiti  por  miixDte,  cbom  thna  •>  Ifae}-  mv 
exist.  AB  thcM  ehugw,  improvnne&U,  uul  altotmliflia,  h»  tUAiUhk 
to  the  frM  DM  of  inm. 

Before  ealadng  upon  anotber  dq^ftrtmant  of  inm  s^^Uance,  it  mjh 
intercBtiiig  to  ^ve  oim  or  ttro  man  vxunples  of  the  iraa  eonotnglkMh 
miUa  ftpprapriated  to  the  nuoiafltctan  «f  «otlcn.  wool,  Ukd  other  SbnH  «ft- 
etanccH  :  utd  to  andeftTonr  to  show  boir  l«g*I]r  tba  an  of  inM  is  iWs 
coDBtmclion  has  usiflled  the  skill.  s|irit,  nod  mlwuii  Iwi  wUt  «f  ~ 
mumhctiirM  of  Ihia  eonatij  hx-n  beai  pmMMd,  and  ftoM  vlat  i 
tivel;  small  beginningB  the  sTstcm  rfqtgMilMttnw  hM  (BfgfaMlid,  iri 
stande  tiithont  a  parallel  for  ita  fmmamaa  exott  and  tut  aatfoHl  tm^ 

Without  iron,  and  tiio  facility  asd  eheapneas  frifli  wUA  It  eta  ba  afftd 

to  the  constnictioii  of  milln-ork  and  macliinery,  the  inrentiana  of  AAinigK 

and  Croiopdiii  would  liare  l>ef  n  a  doail  lull^r.  The  Ere-proof  mills,  the  tietm- 

I    engine,  and  the  appanttns  by  which  its  force  is  ttansmitted  to  diartanc«s  (t 

j   many  hnndreds  of  feet,  are  among  the  proofs  of  tlie  valne  of  iron  appliaacM. 

'   When  ve  add  to  these  the  beantifal  machinery  which  leceiTes  its  motian 

from  the  iron  arms  of  that  gigantic  power,  some  conception  may  be  fonari 

of  the  vast  national  importance  of  this  extensire  and  widelj-^xteuding  minn- 

foclnre. 

Some  idea  may  be  formed  of  the  demand  for  iron  for  theae  constmcticai 
when  we  state,  that  in  the  cotton  manofacture  alone  there  are  in  fius  conntiT 
upwards  of  1,000,000  spindles  conetsntly  at  work  spinmng  yam.  Upiniili 
of  290,000  power-looms  are  in  operation, independent^ of  hand-weaTing:tD' 
to  these  must  be  added  carding,  roving,  winding,  ud  dressing  msctiiDea; 
and  even  then  we  are  far  short  of  an  accurate  estimate  of  their  extent  ind 
value,  or  of  the  iron  required  to  keep  up  tlie  aapply.  This  can  onlv  be 
arrived  at  by  a  regular  course  of  statistical  returns ;  but  as  these  do  not 
constitule  a  part  of  the  present  investigation,  wc  are  enabled  to  snpply  oa^ 
such  data  as  may  be  calculated  to  show  tiie  amount  of  demand  and  thesj^ilic* 
don  of  iron  in  cases  where  nearly  the  whole  of  the  machinery,  millwink,  ud  | 
steam-enginea,  are  composed  of  that  material.  In  corrohor^jon  of  whatliu 
already  been  said,  let  us  take  a  single  mill  in  the  hands  of  one  persrai,  u>i 
we  find  that  the  motive-power  is  snppliedbyenginesof  1200tol800  indirtbd 
horse-power,  driving  60,000  spindles  and  2000  looms.  These  works  nov  is 
existence  are  divided  into  two  mills,  one  driven  by  a  force  of  000  iiMiiiDil 
horse-power,  the  other  by  a  force  of  about  half  that  power.  As  the  IceiDa 
is  one  of  t^e  latest  constructions,  it  may  be  necessary  to  give  a  brief  desciV' 
tion  of  ita  arrangements,  more  particularly  in  referenoe  to  the  eonditkM' 
fonna,  and  purposes  to  which  iron  is  ^plied  in  connectfcm  vitb  this  lu9> 
and  importaut  branch  of  industry. 


D  •KCTioii  or  A  conoH  1 


Fig.  10  exhibila  ft  longitudiiial  section,  and  Fig.  11  apian,  of  one  of  those 
AUiBhments.    A.  in  the  ground  plan,  ^presents  the  steam-engineB,  one  on 


ah  dde  of  tlie  fly-wheel  B,  which  gives  motion  to  liie  whole  of  the  ma- 
inerr;  C  ia  the  mill,  310  feet  long  and  60  feet  wide,  and  aix  etories  high, 
contains  21TT  square  yards  on  a  floor,  and  tlie  two  lower  stories  are 
cupiod  by  cording  and  preparatory  machinery ;  the  four  rooms  above  by 
iniiing  machinery.     The  large  building  D,  containing  an  area  of  3180 


[Quc  yarda  of  flocking,  b  appropriated  escluBirely  to  power  looms ;  and 
om  tliBM  (1600  IB  nomber)  are  produced  00,400  yards  of  cloth  per  diem. 
he  whole  of  the  macliinei?  contained  in  this  space  and  Hm  t«oVi:««i  %jiai%  \ 
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of  the  mill  is  composed  of  iron,  aud  will  \reigh  about  060  tons.  The  mules  I 
and  throstles  of  tlie  four  upper  rooms  are  also  of  iron,  and  ivill  wdgh  upwards  i 
of  250  tons.  Add  to  these  the  steam-engines  and  boilers  400  tons,  millwoil 
and  steam-heating  apparatus  700  tons,  and  we  have  960  +  250  +  400  +  700 
=  2310  tons  of  iron;  value  about  £'70,000,  irrespective  of  the  buildings,  which 
are  fire-proof,  and  contain  upwards  of  2000  tons  of  metal.  In  the  longitadixial 
section  of  the  mill  exhibited  in  Fig.  11,  vnH  be  seen  the  form  of  the  floon,  : 
consisting  of  iron  beams  supported  on  two  rows  of  iron  columns ;  the  spaces  j 
between  the  beams  being  arched  over  with  brick.  On  tliese  arches  are  laid  ! 
the  flooi*a,  on  some  occasions  covered  with  concrete,  with  stone  flags  or  tiles,  j 
and  at  others  with  wooden  floors,  according  to  the  kind  of  flooring  best  ; 
adapted  for  the  macliinery  contained  in  the  rooms ;  but  these  structures  we  • 
shall  have  occasion  to  notice  more  at  length  when  we  come  to  treat  of  iion 
as  applied  to  architecture.  ! 

It  will  be  observed  that  tlio  steam-engines  A  and  the  fly-wheel  B  gin 
motion  to  the  horizontal  shafts,  and  these  again  transmit  it  to  two  vertkil 
shafts  (one  of  which  is  shown  at  G  G),  which  lise  from  the  large  level  whcek 
at  tlie  bottom  to  tlic  top  of  tlio  building.  These  shafts  communicate  with  the 
horizontal  shafts  in  each  room,  which  give  motion  by  means  of  straps  and 
pulleys  to  every  descrii>tion  of  machinery  contained  in  tlie  building. 

By  the  same  process  of  transmission,  motion  is  communicated — ^fiTSt,!^ 
nn  undcrgi'ound  shaft,  II,  to  tlic  looms  in  the  wea^'ing-sheds ;  secondly,  by  an 
upright ;  again  by  tlie  main  honzontal  shaft ;  and  subsequently  to  all  the 
light  horizontal  shafting  in  the  room.  In  a  well-organised  and  weD-cci^ 
ducted  establishment,  the  whole  of  the  shafting  is  polislicd  and  kept  bri^t 
The  main-shafts  are  composed  of  cast,  tlie  lighter  kind  of  wrought-iron ;  and  j 
tlie  extent  of  shafting  kept  in  motion  in  a  modem  mill  of  tliis  kind  is  about  j 
3200  yards,  or  nearly  two  miles.  From  tlie  above  description,  tlie  reader  ] 
will  have  a  tolerably  accurate  idea  of  the  extent  and  importance  of  a  cotton- 
factory  of  modem  construction,  tlie  original  cost  of  which  is  about  i*90,0W  ' 
to  i:  100,000,  and  tlie  amount  of  capital  necessary  to  conduct  the  business 
not  less  than  ^50,000  more. 

Of  tlic  macliinery  of  a  cotton-mill,  little  can  be  said  without  going  into 
descriptive  detail.    We  have  already  noticed  tliat  it  is  almost  entirely  com- 
posed of  iron ;  and  that  circumstance  alone  may  be  suflicient  to  give  it  a  place 
along  with  the  steam-enj^ne  and  millwork,  as  one  of  tlie  constnictions  to 
which  iron  is  applied;  and  a  few  remarks  on  tlie  self- actor  mule— one  of  the  . 
most  ingenious  and  productive  machines  in  this  man*ellous  manuftctore 
— ^may  not  be  out  of  place.    It  is  entirely  formed  of  iron,  excepting  only  the 
travelling-carriage,  which  for  Ughtiicss  is  composed  partly  of  wood  aud  partly  | 
of  iron.  The  same  may  be  said  of  all  the  other  machines,  such  as  the  winding.  ! 
carding,  drawing,  roving,  &c.,  which  constitute  tlie  series  for  sxiinning  cotton 
yam,  as  also  the  sizing,  dressing,  and  wea^-ing  machines  for  converting  that 
yam  into  clotli.    All  tliese  machines  would  be  of  little  value  but  for  the 
facilities  aiforded  in  their  constmction  by  tlie  use  of  iron.    As  respects  the 
self-acting  mule,  it  is  a  substitute  for  a  similar  machine  which  was  fonn^ 
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worked  by  hand ;  and  in  smaller  numbers  tlie  Land-miile  is  still  in  use,  the 
self-actor  not  having  as  yet  reached  such  perfection  as  entkely  to  dispense 
with  manual  labour.  In  the  self-acting  mule  the  stretch,  which  is  about  five 
feet,  is  performed  by  the  moving  power ;  while  tlie  breaking  off,  the  return  of 
the  carriage,  and  the  winding  on  of  tlie  yam,  succeed  each  other  without  any 
intermption  by  the  disengagement  of  the  diilerent  parts  of  the  mechanism 
performed  by  the  machine  itself.  They  are  cficcted  with  great  x^recision,  so 
that  the  attendants  have  notliing  to  do  but  to  watch  its  movements,  to  piece 
the  broken  threads  when  Uie  carriage  begins  to  career  the  roller-beam,  and 
to  stop  it  whenever  the  cop  is  completel}'  formed,  as  indicated  by  the  bell  of 
the  counter  attached  to  the  working  gear. 

Such  are  the  properties  of  the  mule,  or  machine  for  spinning  yam;  and 
the  same  may  be  said  of  all  the  other  macliines  which  in  every  stage  of  that 
important  branch  may  be  considered  automaton  or  self  acting.  We  could 
multiply  instances  of  the  same  construction  in  the  other  branches  of  the 
manufacture  of  the  textile  fabrics — namely,  the  flax,  wool,  and  silk ;  but  as 
these  observations  apply  more  directly  to  the  material  of  wliich  the  machinery 
in  those  manufactures  is  composed,  the  above  will  probably  suihce  to  show 
that  all  similar  macldnes,  if  properly  constructed,  must  be  made  of  iron. 

Other  machinery  in  other  buildings  is  in  operation  for  bleaching,  dyeing, 
printing,  and  finishing  cotton  goods.  These  machines,  with  some  few  ex- 
ceptions, are  also  composed  of  iron;  and  we  may  attribute  their  present 
perfection  and  extended  apphcation  to  the  use  of  tliis  material.  These  facts 
ore  pecuharly  interesting  in  regard  to  the  application  of  u*on  to  particular 
arts ;  but  are  comparatively  unimportant  when  we  examine  its  apphcation 
to  the  manufacture  of  the  machinery  of  tools.  These  arc  the  parents  of 
all  other  macliines ;  and  it  is  difficult  to  determine  whetlicr  tlie  skill  and 
ingenuity  displayed  in  their  construction,  or  the  facihty  with  which  iron 
adapts  itself  by  casting,  forging,  and  planing,  to  every  requirement  in  the 
constmctiou  of  other  macliines,  ore  most  to  be  admu-ed.  These  machines 
possess  an  almost  creative  power :  one  set  of  good  self-acting  machine  tools 
will  make  all  other  machines ;  and  these  again  will  produce,  until  the  numbers 
aremultiphed  to  an  immense  extent,  each  of  which,  for  exactitude  in  action, 
is  ^vithout  a  parallel  in  the  past  history  of  mechanical  science.  Hence  it 
is  tliat  iron  is  so  mucli  in  demand,  and  so  widely  extended  in  its  apphcation 
to  the  industrial  and  useful  arts. 

It  would  be  easy  to  extend  tliese  remarks  to  other  branches  of  industiy, 
in  which  machinery  is  used  and  iron  appHed ;  but  having  given  examples  of 
its  early  apphcation  to  com  and  cotton  mills,  and  the  present  construction  of 
machinery,  it  will  not  bo  necessary  to  multiply  examples  in  other  departments 
of  manufacture,  such  as  those  of  fiax,  wool,  and  alpaca.  These  will  all  be 
dwelt  upon  in  the  subsequent  volumes  of  this  work  devoted  to  the  textile 
£Eibrics.  It  may  not,  however,  be  out  of  place  to  mention  tlie  manufacture  of 
flax  machinery,  as  carried  on  by  Mr.  Peter  Fairbaim  of  Leeds,  in  order  to 
point  oat  the  importance  of  a  branch  of  manufacture  tliat  has  recently  made 
such  rapid  strides  from  a  comparatively  rude  state  to  one  of  high  importance : 
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n-e  maj  meution,  tlint  in  this  CBtablishment,  lOOO  hands  or  npwaidB  an  (■- 
ployed  in  the  manitfactnre  of  toola  and  machinery ;  into  ttie  eonctrneticai  d 
which  botli  iron  mid  brass  largelj' enter.  The  parts  of  these  nuwhineaan 
prepared  nud  fitted  by  Oie  machine  toola  of  trliicli  we  hare  apc^eii,  with  i 
degree  of  accorocj'  seldom,  if  ercr,  surpaased. 

The  licckling.tpinning.Tnr'mg,  and«crrTf.<^iiuu;hine8IiTeexqnaitelj1iudt, 
and  the  boring,  planing,  and  grooving  toola,  irork  with  SDch  pn«ision,  as  to 
render  each  succeeding  machine,  and  each  port  of  it,  a  facaimile  of  its  pn 
dcccssor.  The  same  may  be  said  of  tike  other  toola,  nearlj'  th«  whole  rf 
which  ore  self  acting,  and  command  a  power  of  prodnction  whJch  few,  if  aij, 
other  establishments  can  bonst  of. 

We  might  enlarge  on  tlic  merits  of  these  machines ;  but  hcving  in  thii 
section  already  exceeded  our  limits,  we  shall  conclude  with  an  Bccomt  d 
one  of  the  earliest  of  tlie  applications  of  iron. — namely,  to  WBter-wbcdi. 
These  arc  machines  for  rocciying  the  motive  power  of  a  stream  of  water,  nd  ] 
conununicftting  to  it  a  nni^rm  rolnry  motion,  so  that  it  may  be  applied  ti>  | 
driving  other  macliinery.  rrcriously  to  tlie  commencement  of  the 
mtory.tlie  ivhok,  or  nearly 


the  whole  of  our  water  wlieels 
were  made  of  wood ;  and 
it  was  reserved  for   the 
ItiA  Thomas  Clieek 
Hewes,    millwright 
and    mach 
Manchester,  to 


trodnce  an  entirely  new  system  on  the  principle  of  suspenmon,  coiutnutt'<i' 
malleable  and  east  iron, nitli  slender  wronght-ironannsBnppoitingUierin**' 
backets  of  the  water-wheel.  Someofltrm  that  this  principle  was  first  aifl>e'>°  | 
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id»  and  that  the  backets  of  the  wheel  were  there  hung  by  chains  kept 
by  screws,  as  shown  in  Fig.  12.  By  this  arrangement  the  circumference 
!  wheel  was  kept  in  position  by  the  chains  and  screws  aaa^bbbt  ^.  In 
Instration,  exhibiting  as  radial  chains,  we  have  selected  one  of  Mr.  Fair- 
's water-wheels  with  yentilated  buckets,  adapted  to  low  falls,  as  shown  at 
th  the  pinion  B  working  into  segments  on  the  loaded  side  of  the  wheel. 
I  this  construction  it  will  be  observed  that,  so  long  as  tlie  chains  were 
Iding  and  retained  sufficient  tension  to  prevent  the  rim  separating  at 
ints,  the  wheel  would  move ;  and  in  order  to  prevent  the  chains  warping 
.  the  shaft,  the  motion  was  taken  from  the  water  or  loaded  side  of  the 
,  by  the  pinion  B  working  into  the  segments  of  the  shrouds;  this 
^emont  removed  the  torsion  and  the  load  from  the  axle,  and  placed  it 
the  teeth  of  the  pinion,  where  it  was  required  to  turn  the  mill.  This 
pie  of  construction  is  admirably  adapted  for  the  transmission  of  power 
water-wheels,  and  is  as  true  in  theory  as  it  is  sound  in  practice ;  but 
lains,  according  to  report,  acted  very  imperfectly ;  thus,  when  starting 
loruing,  the  axle  obstinately  resisted  all  efforts  on  the  part  of  ilie  chains 
t  it  in  motion,  and  the 

was  the  winding  of  the 
and  braces  round  the 

and  hence  tlie  partial 
iction  of  the  wheel.  Mr. 
8,  however,  remedied 
lefect  by  substituting 
relieve  at  the  instance 
*.  Strut  of  Belper,  the 
it  Lord  Belper)  round 
bars  for  the  chains, 
efTectually  met  the 
Emd  introduced  a  new 
a  of  construction,  which 
aid  its  ground  up  to  the 
it  time. 

;  arms  of  the  water- 
s  constructed  by  Mr. 
s  were  fastened  with 
9  at  each  end  of  the  axle 
3  flange  of  the  centre 
13) ;  but  as  these  were 


U 


Hg.  13. 

to  work  loose,  Mr.  Fairbaim  introduced  the  gibb  and  cotter  system, 
Lng  the  arms  and  braces  in  sockets,  which  stiffens  the  beams,  and 
s  them  more  effectually  in  position.  This  arrangement  is  a  great  im- 
ment  on  the  screws  and  nuts,  as  the  gibbs  and  cotters  are  less  liable 

loose,  prevent  vibration,  and  retain  the  arms  and  braces  in  a  uniform 
3f  tension. 
3  to  the  year  1810,  water-wheels  were  composed  partly  of  wood  and 
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poHlj  of  iron ;  and  Uio  late  Mr.  B«iuii«  and  Ur.  Uewea  were  tlw  fint  In 
malce  tliem  entirety  of  iron ;  the  axles,  ceiilr««,  aad  ahrouila  Ldng  cmnpaKd 
of  cnst.  and  llie  annB,  buckets,  and  sole  of  wrought-iroa. 

The  next  impoilAnt  improTemeut  in  niitcr-wheels  was  iho  introdadioii,  is 
IH-JT.  of  Mr.  Fftirbnim's  ventilated  buckets;  but  as  Uie«e  improrentflnts  Ho 
not  iiiToIve  tlie  question  of  tlie  applicBlion  of  iron,  we  mast  refer  Uie  ttadn 
to  tlie  TmnBoctJonB  of  Uio  Iiietilulion  of  Civil  ErtgiiieetE  for  a  descriptiuii  <J 
tliis  improvement. 

It  will  not  bo  necessary  to  extend  this  part  of  tlic  subject  (urtbei: 
mtiy  con:?lude  with  nti  exomplo  of  four  xnought-iron  irat«r-nliccla,  ercctid 
for  Messrs.  James  Tiiilay  &  Co.,  at  Uicir  works  in  Ayishiic,  in  I3itt-T. 


Hg-  H  -Ell 


Figs.  U  and  15  show  the  orrargeinent  of  Uie  diflerent  parts  of  these  wlied*. 
which,  for  power  and  dimeiiBiona,  are  probably  the  largest  and  moet  impor- 
tant hydrftulio  machines  iu  Europe  The  masouiy,  milluork,  &c.,  were 
pared  for  four  wlieels,  but  two  only  were  erected.    Ench  wheel  is  fifty  feel  in 
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di&meter  and  twelve  feet  in  width.  The  water  flows  upon  them  at  a  height 
of  for^'«ight  feet;  and  after lutviug  passed  through  tlie  hockots,  is  discharged 
into  a  tunnel  of  eighteen  to  twenty  feet  wide,  which  paases  under  the  wheels, 
and  is  nltimately  discharged  into  the  river  Ajr,  at  a  distance  of  a  quarter  of 
a  mile  below  the  mills.  The  wheels  are  mounted  upon  massive  stone  plat- 
fonuB,  A  A,  at  a  height  of  fortj  feet  above  the  spectator,  who  experiences  a 
dizzy  sensation  as  the  eye  follows  their  gigantic  forms  revolviiig  round  their 
respectiye  centres. 

The  power  from  these  wheels,  it  will  he  observed,  ia  given  off  to  two 
pinions,  B  B,  on  the  connecting-ahaft  C,  and  fi^>m  this  again  to  the  large 


spur  wheel  D,  bj  which  it  is  conveyed  to  the  horizontal  shafts  £  and  F,  and 
by  theae  again  direct  to  the  nulls,  which  stand  at  right  anglea  to  each  other 
on  two  mdes  of  the  wheel  house.  These  wheels,  in  Uieir  immense  nze,  great 
stiaugtit  and  power  (the  two  wheels  already  erected  being  of  :i40  horse- 
power) ,  are,  e»  works  of  art,  probably  as  good  examples  of  the  application  of 
iron  to  mill-wheeb  as  are  to  be  found  in  this  or  any  other  country. 


APPUoitiox  or  iBDS  TO  xncBiTEoicmi. 


CHAPTER  XXL 

I  AI>PU(UTIOII  or  CUT  AKD  -tTBOOTBT-nKnt  TO  AMUITIVTUU  !» 


8ECTI0K  L— ON  B£AHS. 
ABOHrracTB  uw  slow  to  introclaoa  new  nutetialaof  eotutmetiaii;  raditwi 
with  mme  difficult  that  those  pngodioM  (Aleh  prsrontad  tha  dm  of  !>■ 
and  Btono,  or  iron  and  brick,  in  i"™*'f~*""~.  w«n  uiniuu— :  aobriUi^ 
log  their  manifest  adrantBgei  orvr  tlw  Imparfeot  -'"tirriiilB  of  our  UA«ll 
dutgeroua  aod  perishabla  eoiutraataana.  Hi*  paUio  '—"■""ip  of  nairt 
Oreeco  and  Itoma  wera  erected  on  sonadar  pfiaajpTM  md  of  aneH  pate 
solidity  than  those  of  (he  present  Atij ;  ud  the  lemaiin  <tf  the  taOdbprf 
Uie  middle  n^s  ore  not  n-itliout  their  iMSons  in  the  ut  of  oongttodion.  b 
all  thcso  cdUicca,  and  also  in  the  dwelling-honseB  of  the  Greeks  and  Room, 
tko  greatest  cnrc  was  taken  to  ensure  aecoritj  and  strength.  Their  bniUisp 
wore  generally  coDstnicted  with  fireproof  arches;  and  the  Hooratd'iDUijtf 
the  Italian  houses  of  the  present  day  are  effectually  seonred  o^inst  fin 
The  French,  also,  and  many  of  the  German  architects,  have  ado|ited  the  in- 
proof  system ;  and  it  reflocts  unfavonrahly  on  the  skill  and  enterprise  of  flic 
architects  of  tliis  country' — where  iron  is  so  cheap — that  they  hare  notavsiM 
themselves  of  the  great  security  it  sJIbrds.  This  ia  mnch  to  be  lamented; 
and  in  order  to  show  bow  much  we  are  behind  other  natjons  in  this  reject 
wo  shall  take  in  review  some  of  the  most  prominent  cases  in  which  inm  kn 
been  succcsafully  employed  in  the  conEtruotive  and  architectnral  arts. 

Smeaton  was  one  of  the  first  to  combat  the  prejudices  against  the  taa^- 
ment  of  iron.  He  says,  speaking  of  cost-iron  constructions,  "In  the  jMt 
ntti,  for  tlie  first  tima  I  applied  them  as  totally  new  subjects ;  and  the  oj 
then  wna.  that  if  tlio  strongest  timbers  are  not  able  for  any  great  length  of 
time  to  rosiiit  the  action  of  tlie  powers,  what  must  happen  from  the  laiitlfr 
nc33  of  cii.st  iron  ?  It  is  sullicipiit  to  say  that  [hose  very  pieces  of  eaitiro 
not  only  are  still  at  work,  but  that  the  good  effect  luw, 
in  the  north  of  England,  where  first  applied,  drawn  iron 
into  common  nse ;  and  I  never  heard  of  one  faiTing" 
Such  were  tlie  views  of  one  of  our  most  diatingoished 
engineers  ei^^  years  ago ;  bnt  anch  has  been  the  slow- 
ness of  its  application,  that  we  hear  no  more  of  cast-irob 
oa  a  building  material  nntil  the  yeor  1801,  when  Heaars, 
PhiUipa  and  Lee,  of  Maacheoter,  bnilt  «  fire-proof  milL  _  ^^w 
The  designs  for  the  columns  and  beams  were  execated  by  iMJ  iB.i 
Messrs.  Boulton  and  Watt.  The  annexed  figure  (Fig.  16)  '  "" 
exhibits  the  section  of  the  beams,  through  the  middle  «t  die 
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Tbia  beam  ires  tho  first  of  the  kind  mode ;  aiid  cousideriiig  tlie  state  of  our 
knonledga  at  that  time,  it  reflects  great  credit  upon  the  skill  of  the  dosignor. 
If  we  apply  Ur.  Hodgkinsoit's  rule  to  it,  in  the  absence  of  c\peiiiuent,  n-o 
Bhall  find  that  it  approximates  with  tolerable  coirectncaa  to  the  true  prin- 
ciple, so  OS  to  secure  the  maximum  of  strength  with  a  given  quantity  of 
tnateriaL 

If  we  take  the  area  of  the  bottom  flange  to  be  400  inches,  tho  depth  of 
Uie  beam  in  the  middle  13^  inches,  and  tlie  distance  between  tbe  supports 
11  feet,  then,  by  Mr.  Hodgkinsoni  fonnula,  26  being  the  cosecant,  wo  hare 


W  = 


SB  X  «00  X  13-28  _ 
168 


S32' 


=  tlie  breaking-weight  in  the  middle.  But  assuming  that  the  same 
quantity  of  metal  was  run  into  the  form  of  tlic  greatest  strength,  we 
Bfaall  then  have  an  area  for  tho  bottom  flange  of  7-5  inches,  which 

133  torn  I  y 


16tl 


.  ..i-j-iJ-i  i^ 

r.- 

,^'^ 

„^^-.   .^ 

^ 

i  ' 

that  is,  a  breaking- weight  ncarlj- 
double  that  of  the  original  beam. 
It  is  probable,  howercr,  that 
Messrs.  Boulton  and  Watt's 
beam  would  carry  upwards  of 
t«n  tons,  owing  to  tho  greatl}- 
increased  tliicknesa  of  tbe  verti- 
cal port  of  the  beam,  which,  it 
will  be  obsened,  is  nearly  double 
that  of  a   beom  of 


Messrs.    PhiUips  and  Lee's 
ng.u.-Fiuw  miU  is  a  lai^e  building  of  ahont 

HO  (eet  long  and  -42  feet  wide,  and  Bcren  stories  high.  It  contains  about 
MS  yards  on  each  floor;  and  the  iron 
beama,  which  extend  across  the  boilding 
from  wall  to  wall,  at  regular  distances  of 
nino  feet,  are  divided  into  three  lengths 
(A,  B  and  C),  as  shown  on  the  plan  and 
section  (Figs.  18  and  10). 

The  following  woodcut  (Fig.  SO)  ex- 
liibits  a  longitudinal  section  of  portions 
of  tlie  basement  and  first  stories  of  tlie 
mill,  Mitfa  sections  of  the  iron  beams  and 
arches.  The  arches  E  E  E  are  nine  inches 
in  depth  at  the  springing,  seven  and  a 
quarter  at  a  short  distance  on  each  aide,  __^^ 
•nd  half  a  biiok,  or  four  inches  and  a  Hf.  !•.-&«•  ••etta. 

half,  in  the  middle.     Altogether   the   experiment— considering  t]ie  con- 


J  to  show  hcnr  Ik  do- 
cvsKead  ii  to  tb  iMfTiti^  of  & 

iL«  txptiisf :-:i  ^  Pfnta^t  Hoidtiasja  fcored  it  lo  b«  dis- 

I«0f>4rtk*uK.  as  rennis  tL«  ilUaobatiiiB  of  ~-*'ni1.  and 
Itcoee  U  be  AMapsisrivttT'  T«at  t^«ii  awi[*i<ti  with  m  beam 
ofihe*.-,-:;  -     '-■;  •:.-  :  ,-: 

ti  ■■;  :    -  .. :  ix^t  oat  the  se«tii>K 

wiikii  iDdkates  iIk  gmust  Etrmgth,  ii  itiQ  be  imkmiij  to 
give  some  of  the  mcisl  iDUresiing  iMFtfae  experimoitsaf  T^vd-     3StOKi^^.L   ' 

I    gold,  F«irb«im.  and  Hodgfcinson.  as  foUors : —  1^  a. 

j         Exjierimatt  I. — Beamwitlieqtuliibattap  and  bottom.  DittaBoabetMa 

:   supports, -llEet  Gindies;  deptfaof  beam,  ^iucbn. 

i>isinr««iu  e/tTta  tttitn  irl  j<l<i(r  offnitlmt  m  utAn  tlUfrU. 

An-aaftopnb I-76X-42  =  -;M 

Are«c.fl<ilt<rnirib l77X-3»=-»0 

Tbickaoiof  Tatkal|«rtbctvMnribs =    -SS 

Arcs  of  ■Love  Kclun ^  t^t 

Wtigbt  uf  urtinf =3e^lU. 


>!(.». 


WciKbt  of  tatling    .    . 
Bn^Aing  wi-i^i  =  6G7: 


81b>.  =  59e>t701U. 


TliB  liinn  of  fractnn  is  represesled  by  the  line  B  K  R  (Fig.  M),  i 
T  K  =  'H  anil  11 N  =  30,  the  figure  being  a  side  view  of  the  beain. 
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To  find  the  strength  per  inch  of  the  cross  section,  we  have,  dividing  tlie  break* 

^  ing  weight  by  the  area, 


JB^ifc^ 


Fig.  24. 


|^  =  2368  Iba.  per  incli. 
2*82 

As  this  quantity  in  each 

beam  may  be  taken  as 

an  index  of  its  strength,  we  shall  iise  it  to  compare  the  strength  of  those 

beams  which  are  of  Uie  same  length  and  deptli.    By  the  formula  obtained 

finom  the  experiments  on  the  proper  form  for  Uie  Menai  Bridge 

ArfC 


W  = 


/ 


1 


Trhere  A  is  put  for  the  area  of  tlic  section  of  the  material  in  square  inches, 
d  the  depth  in  linear  inches,  I  the  distance  between  tlie  points  of  support 
in  linear  inches,  and  C  a  constant,  determined  by  expeiimcnt  for  the  par- 
ticular form  of  the  tube.    Hence  we  find — 

^-Arf - 

The  valne  of  C,  deteimined  for  difi'erent  foims  of  beams,  gives  us  their 
comparative  strength. 

Now,  for  beams  of  the  same  length  and  depth,  we  have — 

0=1 ' 

that  is,  the  comparative  strength  of  beams  of  this  description  is  found  by 
dividing  their  breaking  weight  by  their  sectional  area. 

Hence,  comparing  the  result  of  iliis  experiment  \^dtll  that  of  Experi- 
ment 2,  where  the  beam  bore  2584  lbs.  per  inch,  we  find  2584  —  2368  =  216 
=  defect ; 

216 

.*.  loss  in  strength  =  ^^^  =  -083,  or  1-1 2th  nearly,  in  parts  of  what^Ir. 

Faxrbaim's  beam  bore. 

This  form  of  beam  is  essentially  what  Mr.  Tredgold  has  represented  to  be 
that  of  the  strongest  beam,  whilst  the  elasticity  is  perfect.  The  following 
exx>eriments  will  sufficiently  show  tliat  this  is  not  strictly  true. 

Experiment  2. — ^Beam  cast  in  common  form  from  Messrs.  Fairbaim  and 
Ullie's  model.' 

Distance  between  supports  and  depth  of  the  beam  as  before. 

DimentumB  of  section  in  inches. 

Thickness  at      A=    -32 
B=    -44 
C=    -47 
F  E  =  2*27 
DE=    -62 
Area  of  acction      =  3*2 
Weight  of  casting  =  40|  lbs. 
Deflection  witii  6758  lbs.  =  *25  inches. 
„    7138  lbs.  =  -87     „ 
Breaking  weight  =  8270  lbs. 


»» 


*♦ 


»» 


Fig.  25. 


w 


\ 


The  beam  twisted  a  little  betoe  fanddqg;  Ihfg  «m  Ml  ■■■%  tte  cm 
in  the  other  beama  from  the  aame  modeL 

Form  of  fracture  as 
in  Fig.  26:  TR  =  -75. 

Hence,  atrength  per 

.    ,     -      . .  8270 

inch  of  section  =  -=-?" 

3*2 

=  2584  lbs. 


3: 


nv.s8. 


Experiment  8. — ^Distance  betvieeii  rappoorte  and  dqpHi  of  tlM 
before. 

TDimnuimu  •fcrtm  ttdim  im  imtkm. 
Area  of  top  rib  •       •    .    .    =M8X-81=^ 
AremofbottoBiib     .    .    .    ==««  X 'M==44: 

i  ThioknenofTBftiBBlpaii =  *M 

i  Areaofaeotkm h.    =8*4 

JBg^^SBBM         Weightofboam =inite. 

^'  This  beam  btoko  in  tha  middle  hy  oomjswm^  wtk 

20,084  lbs.,  or  11  tons  13  owt,  a  wedge  separating  from  its  upper  ode.  The 
weights  wero  laid  on  gradually,  and  the  beam  had  borne  within  a  little  of 
its  breaking-weight  a  considerable  time,  perhaps  half  an  hour.  The  ibm 
of  tlio  fracture  aud  wedge  is  represented  in  Fig.  28,  showing  a  side  Tieir  of 
the  beam,  where  ENF  is  the  wedge,  £F=i  5'1  inches,  TN  =  30  inches,  an^ 
ENF  at  the  vertex  =  82'. 

It  is  extremely  probable,  from  this  fracture,  that  the  neutral  axis  was  it 
N,  the  vertex  of  the  ^ 

wedge,  and  therefore  at         /f  t/^* 

three-fourths  of  tlie 
depth  of  the  beam, 
since  30  mches  =  i 
X  5}  inches  nearly. 


"T7 


>■/ 


'/ 


Fiff.  28. 
26084 


Hence,  strength  per  inch  of  section  =    g..    =  4075  lbs.,  which  is  mndi 

greater  than  that  in  any  of  the  former  experiments. 

Experiment  4. — Beam  from  the  same  model  aa  in  the  last  experimcni 
Distance  between  supports  as  before.  It  broke  in  the  middle  of  the  beam  hf 
tension,  with  23,240  lbs.,  or  10  tons  8cwt.  nearly. 

This  is  considerably  less  tlian  what  the  former  beam  bore,  though  ib^ 
bottom  rib,  in  which  the  tensile  power  of  this  form  of  section  almost  whollf 

lies,  was  not  much  different.    The  iron  mnst  therefore  have  been  weaker. 

23249 
Strength  per  square  inch  of  section  =:  — grr*  =  8576  lbs. 

Adopting  Mr.  Hodg1dnson*s  calculations  in  the  following  iaUe,  m 
have  the  value  of  the  different  sections  of  beams  experimented  on  IfJ 
Tredgold,  Fairbaim,  and  Hodgkinson,  as  the  numbers  236,  288,  aad  88S; 
or,  taking  Mr.  Hodgkinson*s  section  of  greatest  strength  aa  unity,  the  niioi 
will  stand — 
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For  Hodgkinson  and  Fairbaim  as  1  :  '754 
For  Hodgkinson  and  Trcdgold  as  1  :  '619 
For  Fairbaini  and  Tredgold  as         1  :  '820 

These  numbers  appear  to  give  the  relative  strength  of  the  different  beams, 
and  no  doubt  thej  had  the  strongest  sections  of  all  beams  in  use  at  the  re- 
spective dates.  It  is  to  be  regretted  that  we  are  not  in  possession  of  any 
comparative  experiments  on  the  beam  of  Boulton  and  Watt  s  section.  By  a 
simple  calculation,  however,  we  find  the  ratio  of  strength  to  be  as  1  :  '543  ; 
that  is  to  say,  the  resisting  power  of  one  of  these  beams,  was  little  more  than 
one-half  that  of  Mr.  Hodgkinson^s  strongest  section. 

Tahh  of  Results  indicated  hy  Tredgold,  Fairbairn,  and  Ilodgkinson's  beams. 
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2584 
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Fijr.  30. 


Ilemarks. 


Trcdgold's  section  of 
equal  flanges  top  and 
bottom. 


Foirbaim's  section  of 
1825,  with  a  ainglo 
flaDge. 


Ilodgkinson's  section 
of  greatest  strength, 
wit£  area  of  flanges 
as  6  to  1. 


The  increased  demand  for  fize-proof  buildings,  taken  in  connection  with 
the  attainment  of  the  strongest  section  for  cast-iron  beams,  gave  a  renewed 
impulse  to  their  application  in  every  direction.  The  form  of  beam  intro- 
diuMid  by  Messrs.  Fairbaim  and  Lillie  with  the  single  flange,  and  those  by 
Tredgold  with  equal  flanges,  were  discarded,  in  order  to  make  way  for  those 
of  the  improvad  section ;  and  the  confidence  of  engineers  in  the  secuiity  of 
iron  beams  was  so  much  strengthened,  that  the  span,  or  the  distance  between 
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the  sapporting  columns  of  five-proof  Imildingi,  wMi  tBoraned  fnm  14  tott 
foet.  This  power  of  enlargement  oocnnad  nuMt  opportmftljp  ••  fb»  waqjEA' 
cation,  or  rather  the  longitudinal  extimaiop,  of  Mme  et  the  ^iBakfil 
machinery  in  cotton  mills  at  that  partienlar  period,  TifionmltaltMl  a  eouito 
able  increase  in  the  width  of  the  mills.  Sneh,  mozvofor,  wm  tlia  cicwiftilriann 
inspir<'d  by  this  improved  section,  that  bnildhigi  have  been  oonalneM  tm 
six  to  seven  stories  in  height,  and  59  feet  wide,  ififh  only  one  tow  of 
down  the  centre  of  each  room,  and  two  beama  aeroasp  emoh  SO  fat 
between  the  centre  columns  and  the  walk  on  each  cida. 

In  tlie  construction  of  the  floors  of  waiduraaaa  wliioh  hava  to  trnfftd 
heavy  weights,  this  section  of  beam  (when  made  atdfieientljr  atna^  Mm 
been  found  perfectly  securo ;  and  in  bridges  also,  wbero  the  apan  doss  ail 
exceed  40  feet,  it  may  be  used  with  perfeet  aa^Bty,  if  proper  proeantioai  flt 
taken  to  insure  sound  and  perfect  caatings. 

On  one  occasion,  and  we  belieYe  only  one,  a  |^xdar  bridge  baa  been  mtM 
wiUi  beams  70  feet  span  all  in  one  easting.  They  were  made  in  fliia  coailiT 
for  Messrs.  John  Dixon  and  Co.,  of  Amsterdam,  and  were  eieetad  hf  faa 
gentlemen  on  some  part  of  the  Haailem  .railway. 

Notwitlistanding  tlie  increased  security  which  has  been  gained  by  tiieM 
improvements  in  tlie  form  of  cast  iron  beams,  their  use  is  neverthdes 
attended  with  danger  wlicn  either  the  design  or  construction  is  confided  to 
the  hands  of  ignorant  persons ;  and  the  numerous  and  fetal  accidents  which 
have  occurred  at  various  times,  and  which  have  very  naturally  created  is 
tlie  public  mind  serious  apprehension  as  to  their  security,  have  almost  m- 
variably  been  tmccd  to  this  cause.  On  more  than  one  occasion,  as  many  as 
from  fifteen  to  twenty  lives  have  been  lost  by  tlie  failure  of  cast-iron  b^uns 
in  factories  and  buildings  where  numbers  of  people  were  congregated ;  tad 
the  aggregate  loss  of  life  and  property  from  this  cause  has  been  very  sezioiis. 
One  of  the  most  alaiming  accidents  of  this  kind  happened  at  Oldham,  od  the 
31  st  of  October,  18 it,  arising  from  tlie  breaking  of  ono  of  the  beams  of 
a  cotton  factory.  In  this  cose  upwards  of  twenty  persons  were  buried  in  the 
ruins. 

Among  many  other  catastrophes  of  tlie  same  nature,  may  also  be 
instanced  that  at  Mr.  Nathan  Gough's  mill  at  Salford,  in  1828,  where  the 
beams  were  of  a  similar  construction  to  those  used  in  the  building  of  the  jiil 
at  Nortlifleet ;  and  tlie  more  recent  one  at  Mr.  Gray's  inill  in  Manchester,  in 
1845,  a  description  of  which  was  given  in  the  same  year  to  the  Institutiooi  of 
Ci\il  Engineers. 

Componnd  or  Truaaed  Iron  Beama  or  Olvdeia. — ^These  oomi 
are  very  objectionable,  and  should  on  no  accoimt  be  resorted  to  but  in 
of  great  necessity.  If  we  take  a  cast-iron  beam'  of  the  section  of  greateit 
strength,  and  endeavour,  by  means  of  truss- rods  similar  to  AB  G  in  Fig.  It 
to  increase  its  powers  of  resistance,  we  shall  find  that,  under  certain  €aiciut 
stances,  they  introduce  an  antagonistic  force,  which  has  an  ii^uriooa  infli* 
ence ;  or  that,  in  other  words,  the  beam  would  be  safer  without  the  tran- 
rods  than  with  tliem. 
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To  some  this  may  appear  paradoxical ;  but,  in  order  to  ascertain  how  far 
ihe  fitatement  is  entitled  to  credit,  let  us  assume  the  flange  a,  Fig.  32,  to 


a  n 


be  one-aixth  of  the  area  of  the  flange  b ;  and,  under  the  impression  of  still 
further  adding  to  its  strength,  let  us  suppose  that  two  truss-rods  AB,  BC, 
are  appUed,  one  on  each  side  of  the  beam,  to  assist  in  supporting  the 
weight  W. 

Experimentalists  having  found  that  wrought-iron  possesses  great  powers 
of  resistance  to  extension,  it  became  a  matter  of  inquiry  how  far,  and 
under  what  circumstances,  cast  iron  and  wrought-iron  might  be  employed  in 
the  construction  of  beams,  so  as  to  embrace  the  advantages  arising  from 
these  peculiar  properties  of  the  two  materials.  This  inquiry  gave  rise  to  the 
construction  of  truss-beams,  where  wrought-iron  is  solely  employed  to  give 
strength  to  the  bottom  part  of  the  beams  by  its  tensile  resistance ;  while  the 
cast-iron  in  the  top  part  of  tlie  beams  is  solely  employed  to  resist  the  force 
of  compression.  Now,  if  a  truss-beam  could  be  constructed  so  that  tlie  two 
materials  might  be  brought  to  act  in  perfect  concert  witli  each  otlier,  this 
contriyance  would,  no  doubt,  effect  a  considerable  economy  of  material ;  but 
we  shall  hereafter  show  that  this  is  impracticable. 

In  a  perfect  truss-beam  (supposing  it  possible  to  have  such  a  thing) ,  the 
cast  metal  should  be  upon  the  point  of  rupture  by  compression,  at  the  same 
moment  that  the  truss-rods  are  about  to  yield  to  extension.  If  too  great  a 
tension  is  given  to  the  rods,  they  will  break  before  the  beam  has  arrived  at 
the  condition  of  rupture ;  on  the  contrary,  if  too  small  a  tension  is  given  to 
tfaem,  the  beam  will  break  before  they  have  arrived  at  their  condition  of 
rupture.  In  the  absence  of  exact  data,  we  should  say  that,  in  order  to  avoid 
danger,  the  tension  of  the  truss-rods  had  better  be  too  low  than  too  high ; 
for,  in  the  former  case,  they  would  yield  up  a  portion  of  their  tensile  resist- 
ance, and  then  leave  the  remaining  portion  to  be  borne  by  the  beam  itself. 
An  experimental  trial  showed  the  difficulty  of  adjusting  the  tension  of  the 
tmss-rods,  as  in  this  case  they  were  the  first  to  yield  to  extension,  and  caused 
the  beam  to  break  with  a  weight  which  it  would  have  nearly  sustained  by 
its  own  resisting  powers.  In  order  to  discover  the  best  tension  for  the  tmss- 
rods,  it  is  necessary  that  we  should  consider  more  minutely  the  distinctive 
properties  of  the  two  metals  composing  a  truss-beam. 

The  two  kinds  of  material  are  very  different,  both  in  their  physical  and 
mechanical  properties.    Cast-iron  is  a  hard,  rigid,  crystalline,  unmalleable 
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wronght-iron  becomes  2f  times  that  of  the  cast  iron,  and  the  set  of  the 
former  becomes  ten  times  that  of  the  latter. 

Table  m. — Mean  values  of  the  tensile  forces  requisite  for  producing  equal 
elongations  in  cast-iron  atul  wrought-iron  bars  10  feet  long,  uith  the  cor- 
responding sets. 


Moan  elonga- 
tions on  10  feet 
in  inches. 

Cast-iron. 

Force  per  square 

inch  in  tons. 

Wronght-iron. 

Force  per  square 

inch  in  tons. 

Cast-iron. 
Set  in  inches. 

Wrought-iron. 
Set  in  inches. 

•005 

•26 

•56 

•024 

111 

2-5 

•0012 

Not  perceptible. 

•04 

2 

4*5 

•0031 

^   -0005 

•05 

2-5 

5-6 

•0043 

•0007 

•062 

3 

6-76 

•0056 

•0009 

•087 

4 

9 

•009 

•0027 

•129 

6-5 

12-4 

•0159 

•014 

•145 

5-9 

13-26 

•019 

•043 

This  table  establishes  the  following  remarkable  law,  relative  to  the  forces 
reqiiisite  for  producing  equal  elongations  in  cast-iron  and  wrought-iron  bars : — 
WitMn  the  limit  of(S  tons  tensile  strain  for  cast-iron  and  ISJ  tons  for  wrought- 
iron,  the  tensile  force  applied  to  wrought-iron  must  be  2J  times  the  tensile  force 
applied  to  cast-iron,  in  order  to  produce  equal  elongations. 

This  result  is  consistent  with  that  of  Table  I.,  where  the  elongation  of 
cast  iron,  for  equal  increments  of  force,  is  shown  to  bo  2^  times  that  of 
wrronght-iron.  The  elongations  in  this  table  may  be  approximately  derived 
from  Table  I. 

Farther,  with  a  force  of  about  5^  tons  applied  to  cast-iron,  and  12}  tons 
to  wronght-iron,  the  sets,  as  well  as  the  elongations,  arc  nearly  equal  to  each 
other.  Now,  if  these  forces  had  been  duly  apportioned  to  each  other,  this 
circumstance  would  have  given  us  an  eligible  principle  for  adjusting  the 
tension  of  the  iron  rods  in  a  truss-beam :  but,  unfortunately,  this  strain  upon 
the  cast-iron  is  too  near  the  strain  requisite  for  producing  rupture,  while  that 
upon  the  wrought-iron  is  only  about  one-half  its  greatest  tensile  resistance. 
For  forces  below  5}  and  12}  tons,  the  set  of  the  cast-iron  is  greater  tlian  tliat 
of  the  wrought-iron ;  and  for  forces  above  5}  and  12}  tons,  the  reverse  takes 
place. 

Table  IV. — intimate  elongations — the  cast-iron  being  loaded  v-ith  7}  tons  per 
equate  inch,  and  terought-iron  with  24  tons  per  square  inch. 


Name  of  metal. 

Total  ultimate  elongation  in 
parts  of  the  length  of  the  bar. 

Ultimate  elongation  per  ton  in 
parts  of  the  length  of  the  bar. 

Cast-iron   •    • 

)  hr)  or  ^22  in.  on  10  ft 
iXi  or  6-7  in.  on  10  ft 

4dO 
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Here  it  will  bo  seen  that,  for  freights  below  7(  tons,  the  set  of  cast-iron  is 
incomparably  groater  tlian  that  of  wronght-iron ;  on  the  contrary,  formats 
above  1 5  tons,  the  sot  of  wrought  iron  is  considerably  greater  than  the  maxi 
mnm  set  of  cast  iron. 

Table  \X — Mian  clonfjuiion  of  aistiron  ami  ttrovght-iron  ban,  10 feet loitg, 

hif  an  ittcretise  of  \)(f  of  temperature. 


Length  of  har               Elongation  due  to 
10  feet.            90'  increase  of  temperature. 

Difference  of  the 
elongations  in  10  feet 

Cast-iron    .     .     . 
Wrought-iron 

*0666  inches) 
•0733      „     / 

•0067  inches. 

( 
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Comparing  the  results  of  this  table  with  those  of  Table  I.,  we  find  that 
the  elongation  of  wrought-iron,  by  an  increase  of  00*"  of  temperature,  is 
equivalent  to  the  action  of  a  tensile  force  of  7*4  tons  per  square  inch;  uad 
that  of  cast-iron  to  a  force  of  3  tons  per  square  inch.  Moreover,  the  differ- 
ence of  the  elongations  is  equivalent  to  the  action  of  a  tensile  force  of }  t<Bi 
per  square  inch.  It  is  also  worthy  of  remark,  that,  while  making  expeiiments 
relative  to  the  elongations  of  metals  when  acted  upon  by  tensile  forces,  ire 
should  carefully  observe  that  the  temperature  remains  nearly  the  same. 

From  a  careful  induction  of  the  facts  contained  in  these  Tables,  let  as 
endeavour  to  determine  the  best  adjustment  of  the  tension  of  the  truss-rods. 

First,  let  us  consider  the  case  when  the  truss-rods  have  no  strain  t^on 
them,  at  the  time  the  beam  is  imloaded. 

Suppose  the  beam  to  be  loaded  so  as  to  produce  a  tensile  strain  iipoB  Ihe 

*  See  tlie  Ezperimentml  Inquiry  into  the  Strength  of  Wroiiirht>iron  Plates^  te^  %J  W*  ^^' 
halm,  puhliahed  in  the  TranMctions  of  the  Koyal  Society  for  1860. 
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cast-iron  equal  to  one-third  its  breaking-load ;  that  is  to  say,  let  the  force  of 
elongation  be  2(  tons  per  square  inch  upon  the  cast  metaL  Then,  from 
Table  HE.,  we  find  that  the  strain  upon  the  truss-rods  will  be  about  5^  tons 
per  square  inch ;  and  that  the  set  of  the  cast  iron,  after  these  strains  are 
taken  off,  will  be  six  times  that  of  the  wrought-iron.  Now,  in  this  case,  while 
the  cast-iron  is  strained  to  only  about  one-third  its  breaking-weight,  the 
wrought-iron  is  strained  to  only  about  one-fifth  its  ultimate  strength ;  and, 
further,  when  the  load  is  taken  off,  the  castiron  beam  will  remain  much  more 
elongated  than  the  iron  rods,  which  will,  to  a  certain  extent,  destroy  their 
original  adjustment  of  tension.  But  this,  in  the  present  case,  will  not  act 
nnfEtvourably ;  for  it  will  tend  to  give  a  certain  amount  of  tension  to  the 
trass- rods,  considering  the  length  of  each  truss-rod  to  be  one-half  the  length 
of  the  beam — a  supposition  which  obviously  involves  no  appreciable  amoimt 
of  error. 

Suppose  the  beam  loaded  so  as  to  produce  a  tensile  strain  upon  the  cast- 
iron  equal  to  5^  tons  per  square  inch ;  then,  in  order  to  produce  an  equal 
elongation  of  the  truss-rods,  the  strain  upon  them  must  be  2i  times  5^  tons, 
or  12^  tons  nearly.  Here,  while  the  castiron  is  strained  to  more  than  two- 
thirds  its  ultimate  resistance,  the  wroughtiron  is  only  strained  to  about  one- 
half  its  ultimate  resistance.  One  favourable  circumstance  connected  with 
this  load  is,  that  the  sets  of  the  two  metals  are  very  nearly  the  same. 

Suppose  the  beam  loaded  so  as  to  produce  a  tensile  strain  of  15  tons  per 
square  inch  on  the  truss-rods;  then,  by  Table  II.,  this  will  produce  an 
elongation  of  rivth  part  of  the  length  of  the  rod ;  but,  by  Table  IV.,  the 
ultimate  elongation  of  cast-iron  is  zini^  part  of  its  length :  therefore  the 
cast-iron  would  be  ruptured  by  extension,  some  time  before  the  truss-rods 
could  arrive  at  a  strain  of  15  tons  per  square  inch ;  that  is,  before  they  could 
be  strained  to  two-thirds  of  their  ultimate  strength. 

This  adjustment  is  defective ;  the  truss-rods  must  obviously  have  a  certain 
amount  of  tension  before  the  load  is  laid  on,  in  order  to  bring  them  into  a 
higher  condition  of  action,  and  to  counteract  the  set  of  the  cast  metal. 

Second  :  Suppose  the  truss-rods  to  be  screwed  up  so  as  to  give  them  a 
tension  of  8  tons  per  square  inch,  or  one  third  their  breaking  tension;  and, 
for  the  sake  of  simplicity,  let  us  suppose  that  the  half-lengUi  of  the  beam  is 
10  feet.  This  high  tension  of  the  truss-rods,  it  should  be  observed,  will 
produce  a  dangerous  action  upon  the  cast  metal. 

Suppose  the  beam  to  be  loaded  so  as  to  produce  a  tensile  strain  of  7^ 
tons  per  square  inch  upon  the  cast  metal  Now,  by  Table  IV.,  tliis  would  give 
an  elongation  of  *22  inches;  but  the  truss  had  an  elongation  of  *077  inches 
doe  to  the  strain  of  8  tons  when  the  beam  was  in  a  neutral  condition ;  there- 
fore the  total  elongation  of  the  truss-rod  will  be  '22  +  077,  or  207  inches; 
bat  firom  Table  II.  we  find  this  elongation  to  correspond  to  about  10  tons  per 
square  inch  tensile  force  upon  the  rods.  Thus  it  appears  that  even  with  the 
dangerous  tension  of  8  tons  per  square  inch  on  the  truss-rods,  we  cannot  pro- 
duce a  higher  strain  than  16  tons  upon  them  at  the  moment  when  the  cast- 
inm  is  about  to  rupture. 
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Heasoning  in  this  manner,  it  may  be  riiown  Ibat  ItftiiiBpafldlkto 
struct  a  truss -beam  which  shall  tads  flie  hi^  tnuila  wiataiMWi  cf  wiew|jhl 
iron,  witliout,  at  the  same  time,  introdiiofng  ft  dnngnoas  ftotiaa  1901  ttie 
metal.    We  have  shown,  in  Tables  IL  and  IV.,  thst  te  idifii 
tensions  the  rate  of  elongation  of  wron^tlnm  la  from  ton  to  tvrantf-ais 
that  of  cast-iron:  hence  it  is  impoMnble  to  have  the  two  matalt  acting  in  cfla- 
cert  at  tensions  approaching  their  niptare. 

Since  little  is  gained  by  this  high  tension  in  point  of  ultimato  Strang 
and  much  is  lost  by  the  injury  done  to  the  beam,  iro  mnat  vaduoa  tfaistOMa 
in  order  to  arrive  at  the  best  ibnn  of  the  trass-beam. 

Third:  Letus endeavoortodiseororthe tonaton whiehmmtbsgifmto 
the  truss-rods,  so  that  the  dififorent  parts  of  the  tnias-besm  m^  ba  zci|•^ 
tively  loaded,  at  the  same  moment,  wifli  0O64hird  tibeir  lespeelifaallaMAe 
tensile  resistances,  viz.  2|>  tons  per  sciaare  inch  for  the  eastinm,  aai  dtm 
per  square  inch  for  the  wron^Vinm. 

Here,  by  law  of  Table  m.,  the  addittonal  Ibdce  tending  to  elangHte  the 
iron  rods  per  square  inch  =  3j^  X  H  =  H  tons.  Pnttiiig  t  ss  Hie  taMMftef 
the  rods  per  square  inch  tft  the  moment  when  the  cast  metal  has  no  stiain 
upon  it,  wo  have — 

«  +  5f  =  8; 
.*.  f  =  2f  tons  per  square  inch,  or  2^  tons  nearly. 

Suppose  the  beam  to  be  loaded  so  as  to  produce  a  tensile  strain  of  4  tons 
per  square  incli  of  the  cast  metal,  then  the  truss-rods  will  undergo  an  addi- 
tional strain  of  2}  times  4  tons,  or  9  tons  per  square  inch,  which,  added  to 
2i  tons,  will  give  Hi  tons  for  the  whole  strain  per  square  inch  of  the  tras^ 
rods ;  so  that  the  two  materials  will  be  loaded  to  about  one-half  their  respec- 
tive brcakingweights ;  and,  moreover,  it  may  be  shown  £rom  Table  III  tliat 
the  sets  of  the  two  metals,  after  the  load  is  taken  off,  will  be  nearly  the 
same. 

Hence  it  appears  that  the  most  eligible  adjustinent  of  the  trass-rods  is  to 
give  tlicm  a  tension  of  from  2  to  8  tons  per  square  inch. 

But  a  load  of  5^  tons  per  square  inch  on  the  cast  metal  would  tend  to 
destroy  the  adjustment ;  for  this  would  produce  a  strain  of  about  13^  tons 
per  square  inch  on  the  tmss-rods ;  and  after  the  load  is  taken  off,  the  set  of 
the  wrought-iron  would  be  about  three  times  that  of  the  cast  metaL  It  may 
be  further  observed,  tliat  a  strain  of  less  than  10  tons  upon  the  wrou^t-iroD 
would  rupture  tlie  cast  metal. 

An  ordinary  beam,  especially  when  the  material  is  wronght-iron,  may  be 
safely  loaded,  to  meet  contingencies  or  particular  exigencies,  within  two- 
thirds  of  its  brealdngload.  But  this  cannot  be  done  with  truss-beams;  for. 
with  the  best  adjustment  of  the  trusses,  as  we  have  shown,  the  cast  metal 
will  be  upon  the  point  of  rupture  before  the  wrought-iron  has  attained  two- 
thirds  of  its  ultimate  resistance. 

Upon  the  whole,  it  appears  to  be  impracticable  to  attain  snoh  an  ad- 
justment of  the  parts  of  a  truss-beam  as  to  secure  the  safety  of  the  beam, 
with  a  due  regard  to  the  most  efficient  action  of  all  its  parts.    The  two 
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materials  are  so  different  in  their  physical,  as  well  as  in  their  mechanical, 
properties,  that  it  seems  impossible  to  construct  a  beam  with  them  where 
they  can,  under  all  ordinary  strains,  act  in  concert  with  each  other.  The 
effects  of  tmss-rods  on  the  different  descriptions  of  beams  are  noted  in  the 
fiiUowing 

Summary  of  Results  of  Experlmetits. 


Sketehof 
beam. 


Doflcription  of  beam. 


Breaking-'    Katio   of 
weight  in  strength  in 


lbs. 


Cast  iron  beam,  with  the  broad  flange) 
downwards ) 


The  same  beam  in  tlie  same  position,) 
with  double  truss-rods  supporting  the  r 
middle ^ 


Beam  reversed;  the  broad  flange  upper- 1 
most,,  without  truss- rods i 


The  same  in  the  same  position,  with| 
broad  flange  supported  by  truss-rods  .  J 


Beam  with  double  truss  as  before,  broad ) 
flange  below j 


The  same,  with   double  truss;  broads 
flange  uppermost 1. 12,310 


6380, 


7433/ 


3366, 


12,310 


7433. 


Beam,  without  truss  rods ;  broad  flange ) 
uppermost ) 


The   same  beam,  broad  flange  down-| 
wards ) 


3300, 


5830- 


Ibs. 


100  :  127 


100  :  333 


100  :  165 


100  :  173 


From  the  above  summary  we  may  draw  the  following  conclusions : — 1  st 
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That  the  advantage  gained  by  troBa-zodstolkCMtiiaiilMMBBaff  flMatnivrib 
section,  and  placed  in  the  best  positian  te  leaMug  •  faWMWa  ilaB«fall 
100  :  127,  being  rather  more  than  onft-fonniiL  of  iaawMo  1m  itangBL  M. 
That  the  simple  beam  reversed  with  the  anaU  fluiga  dowmvnAi  loMi  ikm 
one-half  of  its  strength,  as  compared  irith  the  mdw  beamlalftiiiioatfimiB- 
able  position,  with  the  large  flange  dowawaida,  oar  wm  100  :  173.  Agyii,kt 
ihe  beam  be  reversed  and  trussed,  with  the  mall  flange  dowmnods,  nd  jk 
resisting  powers  are  increased  8|  timea  in  atnoglii  wm  oon^aawd  wMUfci 
same  beam  in  the  same  position  withont  the  tniBMS,oar  aa  100  :  3SS.  Lid|f. 
that  the  same  beam,  being  trussed  in  bofli  instanoea,  fiat  Willi  tiba  linai 
flange  downwards,  and  subsegnenfly  iviOi  tho  broad  flange  i^rmidi,  |^ 
nearly  three-fourths  in  strength  in  the  latter  oaae;  wiiila  iSbib  ofiur  knit 
materially  increased  beyond  that  of  the  obqiiB  beam  enlize^  free  Jna 
auxiliary  support. 

But  even  supposing  that  we  are  able  to  eonatneta  tmaa^wamviftd 
its  particular  parts  perfectly  adQaated,  how  long  would  It  lamaia  aof  Be* 
sides  the  disturbances  arising  ikom  unequal  elongatioDa  and  aaCB»  aaiia 
collisions,  changes  of  temperature,  and  o&er  canaes,  would  tend  to  tohoy 
this  adjustment.  The  defect  of  a  truss  beam  consists  not  so  much,  peduqpii 
in  its  want  of  economy  as  regards  the  distribution  of  material,  aa  in  its  vint 
of  stability  and  safety.  Within  comparatively  small  limits  of  load,  a  tna- 
beam  may  pass  from  a  condition  of  perfect  security  and  safety  to  one  of 
uncertainty  and  danger. 

We  might  multiply  these  comparisons  to  a  much  greater  extent;  bstm 
have  done  sufficient  to  prove  the  fiEu^,  that,  under  the  most  fiEivonrable  drcoBr 
stances,  tiicre  is  not  much  gained  in  the  strength  of  cast  iron  beams  by 
the  addition  of  malleable  iron  trussrods.  When  such  auxiliaries  bec(Hiie 
absolutely  necessary,  we  would  then  recommend  them  to  be  attached  to  beams, 
with  a  strong  flange  on  the  upper  side  to  resist  compression,  and  the  tension- 
rods  so  regulated  and  proportioned  in  strength  as  to  cause  them  to  set 
simultaneously  with  the  rigid  top  in  their  resistance  to  fracture.  What  is, 
however,  infinitely  preferable,  is  a  well-constructed  malleable  iron  beam, 
which  may  bo  made  of  almost  any  given  strength,  and  of  any  span  wiUun 
the  limits  of  600  to  1000  feet. 

Approximate  Rule  for  Calculating  the  Strength  of  a  Truss-heam. 

In  order  to  calculate  the  strength  of  trussed  beams,  let  us  suppose  fbat 
the  tension  of  the  rods  is  such  as  to  cause  them  to  have  a  strain  of  8  tons  pa 
square  inch,  at  the  same  moment  that  the  cast-iron  has  a  strain  of  2|toef 
per  square  inch  :  then,  with  this  perfect  adjustment,  we  have  found,  by  a  pro- 
cess of  reasoning  which  need  not  be  given  in  this  place,  the  following  approxi- 
mate rule  for  calculating  the  weight  wiUi  which  the  beam  may  be  wMj 
loaded : — Jdd  three  times  the  section  of  the  truss-rods  to  ihe  Mctiam  ofthshd- 
torn  flange,  substitute  this  sum  for  tlie  bottom  area  in  the  mmwU  fonmU  fir 
calculating  the  strength  of  cast-iron  beams,  and  one  third  this  retuk  wiUgimtkt 
weight  of  safety,  or  one-third  the  theoretical  breaking-weight. 
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Thus,  let  w  =  the  load  of  safety,  a  =  the  area  of  the  bottom  flange,  a^  = 
the  Beetum  of  the  truss-rods,  I  =  the  distance  between  the  points  of  support, 
and  <f  :=  the  depth  of  the  cast-metal  beam;  then 

w  =  — i — 57 — ■^-'  tons (1) 

In  one  of  a  sexiea  of  experiments,  we  find  a  =  1*05,  ai  =  *39,  £1  =  4, 
«=4-5  X12; 

...  i.=2«i|:^ii^^ 

Now  the  breaking- weight  of  this  beam  was  nearly  9000  lbs.,  giving  one- 
third  of  9000  lbs.  =  8000  lbs.  for  the  load  of  safety.  Hence  it  appears  that 
in  this  truss-beam  we  had  very  nearly  hit  upon  a  perfect  a4ju6tment. 

Throughout  these  calculations  we  have  assumed  that  the  section  of  the 
top  flange  of  the  beam  is  duly  calculated  to  balance  the  united  tensile  forces 
of  the  truss-rods  and  the  bottom  flange  of  the  beam. 

Let  na  now  consider  the  question  of  economy  as  regards  these  beams. 

HoBtpaxtaon  of  Ooat. — ^In  estimating  the  comparative  advantages  of  dif- 
larent  forms  of  beams,  we  should  always  consider  their  ratio  of  cost  for  a 
given  amount  of  strength.  In  order  to  apply  this  method  of  comparison  to 
flie  case  of  trussed  beams,  let  a  =  the  cost  of  the  beam  without  the  trusses, 
Oi  =:  the  cost  of  the  truss  rods,  a,  =  the  cost  of  their  construction,  w  =  the 
Inaking- weight  of  the  beam  without  the  trusses,  and  W  the  breaking-weight 
inth  the  trusses ;  then  we  have— 

Comparative  advantage  of  the  trussed  beam,  the  beam  without  the  trusses 
king  represented  by  unity, 

=-,-±^y^.  .  .  .(1.) 

In  the  case  of  one  of  the  beams  experimented  upon,  for  example,  we 
liave— ' 

a  =  4}  ahillings,  Aj  +  o.^  =  4  Bhillings,  w  =  6800,  W  +  7400 ; 
then  by  formula  (1)  we  have — Comparative  advantage  of  the  trussed  beam, 

4J      ^  7400       .         , 
X  7rTr  =  f  nearly; 


"^41  +  4  ^  6800 

that  IB  to  say,  the  advantage  of  the  simple  beam  as  compared  with  the  trussed 
beam,  is  nearly  as  1  to  f. 

9tmn§fih.  of  Oaat-bon. — On  the  resisting  powers  of  cast-iron,  some 
curious  and  interesting  feusts  have  been  developed  by  experiments  conducted 
Boma  years  since  at  the  request  of  the  British  Association  for  the  Advance- 
ment of  Science,  coi^ointiy  by  Mr.  Hodgkinson  and  Mr.  Fairbaim.  It  has 
•hraya  been  a  very  important  question,  what  is  the  effect  of  lengthened  time 
in  liimimBhing  the  reedsting  powers  of  heavily-loaded  structures,  or  whether 
a  eontinnance  of  a  force  having  a  tendency  to  rupture  the  parts  of  a  beam 
will  ultimately  lead  to  fracture.  To  solve  this  question,  and  to  determine  the 
law  which  governs  the  resisting  powers  of  cast-iron  under  such  circumstances, 
the  following  experiments  were  introduced.  They  commenced  in  March,  16S7, 


and  terminated  in  1842;  tad  Ml  Hmm 
acknowledged  theories  on  the  atmiglhcfmataiakv  il 
to  give  the  resolta  aa  th^  were  mriiwrwliy  leaotJail 
experiments. 

Tabu  L— Pi 


ilbaiaBipadiiat 
mkmgwaiimd 


Cbed-TuloH  r§eUmpilMr  fan^  4/1.  6 
weights  for  deUrminimf  th§  tkmgn  ^f 
periods  of  i\m§^  ik$  mmn  hftnkim§  wn^ki  ^ 
tueertained  to  k0—for  tMs  nld-N^tt,  508  At., 


wkkk 
mri  ^ 


Aef-MML  4S4liiL 


No.  of 

Pennanent 

Mean  bnaUBC- 

BHio  «£  hnalmw. 

Un. 

loadinlbc 

weight  in  Ibe. 

ileilMtoload. 

■*■ 

1 

280 

808 

1:-681 

% 

2      1 

836 

808 

1:<«81 

) 

8      1 

892 

508 

ii-m 

lOolUANtin. 

4 

448 

808 

1:-881 

) 

5 

448 

808 

1:-881 

i 

6 

280 

484 

l:-878 

• 

7 

836 

484 

l:-684 

) 

8 

392 

484 

1  :  -805 

>  Hot-blast  iron. 

9 

448 

484 

1  :  -925 

) 

10 

448 

484 

1  :  -925 

/ 

1 

From  the  above  will  be  seen  the  nature  of  the  experiments  which  were 
instituted  for  the  purpose  of  ascertaining,  by  an  exceedin^y  minnte  scale, 
the  increase  of  deflection  which,  from  time  to  time,  took  place  on  the  bars. 
If  that  increase  were  progressive,  it  might  then  be  inferred  that  raptore  must 
at  some  time  or  other  (however  remote)  take  place ;  if  otherwise,  that  a  new 
arrangement  of  the  molecules  of  the  parts  under  strain  had  taken  place,  and 
had  thus  become  fixed  with  a  power  of  resistance  equivalent  to  the  losd. 
The  results  from  March,  1837,  till  April,  1842,  were  as  fbUow : — 

Table  II. — Results  on  bars  Kos,  2  and  7,  loaded  uith  336  lbs. 


Temperature. 

Date  of 
observation. 

Goid-bhtft 

deflection  in 

inchea. 

Hot-blast 

deflection  in 

inchet. 

Batioof  increa«. 

•  • 

78- 

61^ 
50** 
58^ 

11  March,  1837 
3  June,     1838 

5  July,     1839 

6  June,     1840 
22  Nov.,    1841 
19  April,    1842 

1-270 
1-316 
1-305 
1-303 
1-306 
1-308 

1-461 
1-538 
1-633 
1-620 
1-620 
1-620 

Preriona  to  the  tine 
of  taking  the  de- 
flection  in   Not. 
andApriLibekei- 
blaatbarhadbeeD 
dutnrbed. 

53" 

Mean 

1-301 

1-548 

The  above  experiments  show  a  mean  increase  in  the  deflaetkn  of  A* 
eold-blast  bar  during  a  period  of  five  years  of  '031,  and  of  -087  in  that  of  tbe 
hot-blast  bar. 
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Table  TH.—Results  on  bars  Nos,  3  and  8,  loaded  with  892  lbs. 


Temperature. 

Date  of 

observation. 

Cold-blast 

deflection  in 

inches. 

Hot-blast 

deflection  in 

inches. 

Hemarks. 

7^ 

7r 

61' 
60' 
58' 

6  March,  1837 

23  June,     1838 

6  July,     1839 

6  June,     1840 

22  Nov.,     1841 

lOAprU,    1842 

1-684 
1-824 
1-824 
1-825 
1-829 
.    1-828 

1-715 
1-803 
1-798 
1-798 
1-804 
1-812 

63* 

Mean. 

1-802 

1-788 

During  Bye  years,  the  increase  of  tlie  deflection  of  the  cold-blast  bar  has 
been  rather  more  than  that  of  the  hot-blast,  the  mean  increase  being  as 
•118  to  '073 ;  whereas  in  the  former  table  the  increase  was  on  the  other  side, 
or  as  -031  to  '087.  Nevertheless,  the  deflections  in  this  case  indicate,  as 
before,  a  steady  increase  of  deflection. 

Table  IV.—Eesults  on  bars  Nos.  4,  5,  9,  and  10,  loailed  with  448  lbs. 


Temperature. 

Date  of 
observation. 

Cold-blast 

deflection  in 

inches. 

Hot-blast 

deflection  in 

inches. 

Bemarks. 

78' 
72* 

er 

60' 
68' 

6  March,  1837 

23  June,     1838 

6  July,     1839 

6  June,     1840 

22  Nov.,     1841 

19  April,    1842 

1-410 
1-467 
1-446 
1-445 
1-449 
1-449 

Both    the   hot-blast 
bars  broke  at  once 
with  448  lbs.,  and 
one  of  the   cold- 
blast  bars    broke 
after      sustaining 
the  weight  thirty- 
seven  days. 

63' 

Mean. 

1-442 

•  • 

The  progressive  increase  in  the  deflection  in  tlus  case  is  '032;  wliich, 
it  will  be  observed,  is  much  less  than  those  exhibited  in  the  former  table  with 
weights  of  892  lbs.,  and  less  than  the  increase  of  deflection  of  the  hot  blast 
bar  in  Table  I. 

Viewing  the  whole  of  these  results  in  the  light  of  a  problem  affecting  the 
laws  which  regulate  tlie  resistance  of  bodies  to  continuous  strain,  it  is  im- 
portant to  know  how  admirably  the  cohesive  powers  of  matter  adapt  them- 
selves to  circumstances,  and  with  what  tenacity  they  resist  forces  tending  to 
dissever  and  rupture  their  parts.  It  yet  becomes  a  question  for  consideration 
how  far  this  power  extends,  and  whether  or  not  bodies,  when  loaded  even 
within  one-thousandth  part  of  the  weight  that  would  break  them,  would  or 
would  not  sustain  the  load  for  ever,  provided  no  disturbing  cause  were 
present  to  produce  fracture.  Notwithstanding  the  &ct  that  the  whole  of 
the  loaded  bars  exhibit  an  increase  of  deflection,  the  writer  is  inclined  to 
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think  such  wonld  be  Uia  com.  and  to  attribute  tlic  defleciion  t>i  &.t 
TibmtionB  ooDtjnaall;  going  on  in  tlie  baildlag,  and  to  the  changes — swi 
a  tempwature,  oxidation.  Ac. — to  which  every  description  of  iaat«iiilii 
Bohject. 

In  these  experiments  it  was  foUf  established  that  a.  continned  and  pa- 
fectly  permanent  prcssare,  even  when  approsimating  to  fractnis,  is  t«7 
different  to  the  law  of  defleetire  elasticit]'.  cauacd  bj  changes  affecting  tbt 
conditiona  of  material.  These  changes  are  tlie  increase  lutd  diintnntem  ef 
prcssare,  prodadog  a  disturbing  force  on  all  the  parts  under  strain  ;  and  bf  a 
continued  seriea  of  alternations,  eTenttially  deatrojing  the  nntaganiatie  poim 
of  resistance. 

In  the  former  case,  the  load,  however  near  it  approKimotes  to  bubia, 
remains  permanently  fixed;  whcrefts,  in  the  latter,  the  changes,  ho*enf 
minute,  will,  if  continned  long  enough,  lead  to  destruction.  Mr,  Hodgkinfim'ii 
as  vreil  as  Mr.  Fairboim'B.  experiments  lead  to  thia  coQclusion ;  and  we  ban 
no  doubt  that  any  load,  however  Email,  producing  a,  permanent  set  i^cs  ■ 
bar,  when  taken  off  and  again  resttoed  a  sufficient  number  of  (amea,  wSM 
last  break  it.  For  example,  suppose  we  take  the  bars  supporting  tlie  li^iMl 
weights,  280  lbs.,  and  admitting  that  the  load  be  removed,  or  relieved  to  llu 
extent  of  200  Iba.  every  tliirty  seconds,  it  ia  evident  that  tlii«  change,  oflm 
repeated,  wit),  iu  the  end,  destroy  the  cohesive  powers  of  the  bar,  either  is  Iht 
tower  part  of  its  crj-stallino  extended  section,  or  in  the  upper  part  wbeno  tbe  ' 
crystals  are  compressed,  and  where  it  ia  probable  the  destruetiTe  prOMS 
would  bo  progressive  in  a  given  ratio.  This  constant  movement  of  the  atani  | 
of  crystalline  as  well  as  fibrous  bodies  is,  probably,  the  cause  of  breakage;  i 
and  however  slight  the  strain  may  be  when  applied  first  in  one  direction  4Di1 
then  in  another,  it  only  becomes  a,  question  of  time  how  long  it  will  bw 
these  continued  repetitions  before  rupture  takes  place. 

Taulb  V. — Comparnlive  Strength  and  Poirer  to  mitt  impaat  of  tin  Cx* 
Talon  hoi  and  cold-bleat  icon  al  cariotit  trmperaturti. 


TraHtvtfu  Slrm^. 

Cocd-TaloD  Dold-blast 

"  Ne.  2  iron. 

851-0 
( 940-7  ■  Mew 
l958S]849e 

743-1 

7231 

Coed-Tolon  hot-blast 

Batia     " 

26' 
33' 
190° 

Red  in  dark. 

No.  2  iron. 

8231 
j8S3-4lMoan\ 
1 908-0  f  9197; 

8236 

829-7 

1000 :  m-i 

1000  ;  977-« 
1000  :  llOl-t 

No.  3  iron. 

No.  3  iron. 

212° 
600" 

Jill 

818-4 

834-1 1  Mesa 

917-5J  876-8 

tODO  :  SBi-l 
1000 :  8*7-7 
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Fw}9r  to  retiit  Impact 


Temperature. 

Coed-Talon  cold-blast. 

No.  2  iron. 

349*8 
( 360*3  \  Mean 
\  404*5  /  382*4 

223*7 

Coed-Talon  hot-blast. 

Ratio. 

Fahrenheit. 
26* 

32* 

No.  2  iron. 
340*8 

406*9  (Mean  ) 
383*213950  J 
298*9 

1000  :  974 

1000  :  1032*9 
1000  :  1336 

Modulus  of  Elaitieity  in  Poundafor  a  Base  of  one  inch  square. 


Temperature. 

Coed-Talon  cold-blast. 

Coed -Talon  hot-blast. 

Fahrenheit. 
26* 

32» 
190* 

No.  2  iron. 

12994400 
(13506700)      Mean 
1 15148200    14327450 

14398600 

No.  2  iron. 

14267500 
1 13723500)     Mean 
114283200)14003350 

13869500 

In  pursuing  these  inyestigations,  it  nnfortunately  happened  that  the  stock 
of  No.  2  iron  became  exhausted ;  a  circumstance  which  intercepts  the  com- 
parison from  six  degrees  below  the  freezing  point  of  water  to  the  temperature 
of  melted  lead. 

The  No.  3  should  have  been  broken  at  all  the  points  of  temperature,  in 
oorder  to  haye  ascertained  the  loss  of  strength  as  the  heat  increased.  It  was 
not,  however,  accomplished;  and  from  this  circumstance  the  comparison 
only  holds  good  between  the  two  qualities,  No.  2  and  No.  3,  from  the  boiling 
point  of  water,  or  212**  up  to  600'  of  Fahrenheit.  In  the  No.  2  iron  it  will  be 
observed  that  the  strength  continued  to  diminish  as  the  temperature  in- 
creased ;  whereas  in  No.  3  it  increased,  as  shown  in  the  table,  from  924*3 
to  1023-4,  which  can  only  be  accounted  for  from  the  irregularity  and  greater 
rigidity  of  that  description  of  iron.  On  the  whole,  we  may  infer  that  cast-iron, 
of  average  quality,  loses  strength  when  heated  beyond  a  mean  temperature 
of  120*;  and  it  becomes  insecure  at  the  freezing-point,  or  under  32*  of 
Fahrenheit. 

On  Wvonght  bon  Beams. — Of  late  years  the  ext^sive  application  of 

malleable-iron  to  every  kind  of  iron  construction,  has 
led  to  the  adoption  of  wrought-iron  beams  in  place  of  the 
cast-iron  and  trussed  beams  of  which  we  have  been 
treating.  Wrought  iron  may  be  obtained  in  plates  of 
almost  any  size ;  and  these,  connected  together  by  riveting, 
and  strengthened  by  angle  and  T  irons,  form  the  safest, 
strongest,  and  in  most  cases  the  cheapest  of  all  construc- 
tions. 
At  first  the  box-beam,  of  which  Fig.  33  represents  a 
Fig.  ss.  section,  was  considered  superior  to  the  flat  beam  repre- 

sented in  Fig.  84.    These  two  beams  have  been  alternately  employed  for  the 
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3  ftbove  mentioned ;  but  wa  bave  invarialily  given  tie  prefereaos 
to  the  platfrbeam  (Fig.  Si),  on  account  of  its  ainiplid^  uf 
construclion  ;  aJtUough  infenar  in  strength  to  tho  buibiaa. 
it  liaa,  aevortlieloss,  otbcr  valuatla  properties  to  t«oni- 
mevd  it. 

Or  conipaiing  tlia  Btrengtb  of  tbcfie  boaiiis  sopsrald/, 
Tvotglit  for  weight,  it  will  bo  foimJ  that  the  boi-bcam  is  lo  tli  , 
pbito-bcaiu  as  1  :  ■93,  or  nearli"  100  :  00.  This  ditfeteooe  in  i 
streugtl)  doea  not  tirifie  from  nay  vant  of  proportion  ta  the  Ii^ 
(uidbottoraaootionsofeithor  beam,  but  from  the  positiaQof^ 
"»•  31.  laiterial,  wliich,  in  the  box  form,  offera  greatly  anperLupowtn  | 
of  reaiatance  to  Iftteral  flcxore.  Taking  the  plate-beaoi,  however,  in  a  poaom  | 
similar  to  tliat  in  wliitih  it  is  used  for  supporting  the  archea  of  fire-prcaf 
buildiiigs,  or  the  rondn-ay  of  a  bridge  where  the  verticnl  pofiition  ia  nuw 
tainod.  its  atrengUi  is  very  nearly  equal  to  that  of  the  bos-beam;  whilt  b 
Buch  a  position  it  is  of  more  aimple  constmetum,  leas  cxpenuve.  asd  mai 
durable  &om  the  circomatonco  that  the  vertical  plate  is  thicker  than  the  Bk 
plates  of  the  box-beam,  and  is,  oonseqnently,  better  calculated  to  rcsisl  &M  , 
almuaphorio  chnugea  n'hich,  in  this  cUlnal■^  have  so  great  an  iufinenO!  n 
the  dnrability  of  the  metaia.  Besides,  it  admits  of  easy  access  to  all  its  [urts 
for  the  jiurpose  of  cleaning,  paintisg.  &c. 

In  nil  buildings,  such  as  Trarohouses,  cotton  and  flax-miUn,  and  dwelHut 
lioaaea  which  require  protection  from  risk,  whether  arising  from  vreakn^B, 
from  the  employment  of  a  more  daugerons  material  such  as  cast-iron,  or  ' 
firo,  it  will  bofoAind  exceedingly  valuable,  irrespective  of  the  sense  of  secniilj 
which  the  nature  of  the  material  is  sure  to  establish  in  the  public  nund. 

Ono  feature  in  the  use  of  this  matiKrial  ia  the  scope  which  it  gives  for  in 
extension  of  space  to  any  distance  commeusntat::  with  llie  convenience  d 
the  ostabliahment,  or  the  taste  of  the  architect  or  engineer.  Most  of  tin 
improved  cotton-iuina  aje  irom  00  to  05  feet  in  width,  with  two  or  three  »*« 
ofoolumna,  at  distances  of  l.'i  to  10  feet  across  the  mill,  and  from  0  to  10f(«t  | 
in  the  direction  of  its  length.  These  columns  present  aerious  obstraetions  M 
tho  convenient  arrangement  and  free-working  of  tho  machinery,  but  Ui»y 
cannot  well  bo  avoided  where  oast-iron  beams  are  used.  By  tho  employnwnl 
of  wrought-iron  they  quickly  vanisli,  as  one  row  of  columns  witlt  only  tw\ 
beams  in  mdth  not  only  meets  the  objection,  but  removes  aU  doubts  as  K 
Uie  security  of  the  structure.  In  these  construotious,  however,  it  must  tn 
borne  in  mind  that  an  incroaso  of  space  ia  attended  with  a  considerable  in 
crease  of  expenao ;  but  when  the  latter  ia  not  a  serious  consideration,  fire- 
proof mills  might  bo  built  upwards  of  00  feet  in  width  without  the  intro 
duotion  of  a  single  column,  or  any  other  obatmetion  whatever. 

Ill  large  buildings  this  may  be  effected  with  perfect  ease,  and  the  bean 
0  constructed  as  to  carry  n  load  of  i  or  5  Ions  to  Ihc  sijuore  yard.  Let  a 
however,  return  to  those  eroetiona  which  require  a  centra  column,  irith  - 
distaaoe  of  30  feot  on  each  side  between  the  bearings.  In  a  building  of  tiiis 
tond.  tlie  beama  ^vill  eaoli  he  SI  feet  0  inclios  long,  and  30  fe«t  between  (bn 
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sapports;  and  may  be  composed  of  plates  22  inches  deep,  t^  tliick,  and 

angle-iron  |-  and  fths  of  an  inch  thick,  rivetted  on  both 
sides,  as  shown  in  the  section,  Fig.  85.  Taking  the  con- 
stant at  75,  which  we  take  instead  of  80,  used  for  com- 
puting the  strength  of  hollow  girders  with  cellular  top,  to 
compensate  for  defects  in  form  which  cannot  be  remedied 
in  the  single-plate  girder,  the  breaking- weight  of  this  beam 
would  be  as  follows : — 

Let  W  represent  the  breaking-weight  in  tons,  a  the 
area  of  the  bottom  flange,  d  the  depth  of  the  beam  ^  22 
inches,  Z=the  distance  between  the  supports  =  3G0  inches, 
then  we  have 


yr^ade      75  X  6  X  22 
/   ""  860 


=  27 '5  tons  in  tho  middle, 


or  65  tons  distributed  equally  over  the  surface. 

Kow,  a  cast-iron  beam  of  the  best  form  and  strongest  section,  and  calcu- 
lated to  support  the  same  load,  would  weigh  about  2  tons;  whereas  the 
wroughiiron  beam  would  only  weigh  16cwt.  Iqr.  14  lbs.,  or  a  little  more 
Hian  one-third  of  the  weight  of  the  cast-iron  beam.  This  diiTcrence  is  of 
considerable  importance,  as  there  is  less  weight  to  cany,  and  much  greater 
certainty  as  regards  the  ultimate  strength  and  security  of  the  beams.  Let 
us,  however,  extend  the  comparison  still  further,  and  endeavour  to  ascertain 
the  cost  of  the  material  and  construction  of  each  kind  of  beam,  which,  after 
an,  is  the  only  criterion  of  the  utility  and  fitness  of  any  improvement.  Every 
invention  resolves  itself  into  this  comparison;  and,  in  order  to  secure  a 
successful  application,  the  superiority  of  the  ai-ticlc  (when  other  tilings  are 
the  same)  must  be  measured  by  the  price  at  which  it  can  be  produced. 

Assuming,  therefore,  that  cast-iron  beams  can  be  delivered  at  the  foundry 
at  jE6  10«.  per  ton,  and  that  the  wrought  iron  platc-girdors  can  be  manu- 
frctnred  at  Mid  per  ton,  it  follows  tliat 

A  cast-iron  beam,  40  cwt.,  at  6«.  (V/ £19  Os. 

A  wrought  iron  beam,  16  cwt.  1  qr.  14  lbs.,  at  IGs.  .  .  £13  28. 
mftlrifig  a  difference  of  only  two  shillings  between  the  cost  of  the  one  and  tho 
cost  of  the  other.  Assuming,  therefore,  the  prices  to  be  the  same,  we  have, 
in  the  case  of  wrought-iron  beams,  only  about  onc-tliird  of  the  weight  of 
metal  to  carry;  while  the  lighter  weight  of  tho  wrought-iron  beams  will 
enable  us  to  erect  and  fix  them  in  their  places  at  considerably  less  cost. 
Altogether,  we  are  persuaded  that  wrought-iron  beams,  manufactured  on 
a  lazge  scale,  might  be  supplied  at  a  rate  so  moderate  as  to  answer  that  most 
deBUsble  object,  the  combination  of  strength  with  lightness  and  security. 
The  writer  is  even  of  opinion  that  beams  of  this  description  can  bo  manu- 
factuxed  at  J£14  per  ton  instead  of  j610,  as  quoted  above.  If  this  can  bo 
effseted,  there  is  a  direct  saving  of  j61  ]0«.  dd.  per  ton;  a  very  important 
economical  consideration,  independently  of  the  increased  security. 

Should  this  description  of  beam  become  general  in  its  appHcation,  it  is  more 
tlum  piobable  that  all  those  under  12  cwt  might  be  delivered  at  once  of  the 
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will  be  equal  in  strength  to  one  formed  of  solid  iron,  without  the  intervention 
oeT  A  single  joint. 

It  is  probable  that  the  rectangular  box-beam  is  more  appropriate  for  the 
of  great  weights  on  a  large  span  than  the  plate-beam  recommended 
;  but  we  haye  already  stated  our  objections  to  the  box-beam,  viz.  the 
of  oxidation,  and  tiie  impossibility  of  reaching  the  interior  for  the 
of  cleaning,  painting,  &c. ;  and  we  are  of  opinion  that,  with  proper 
in  the  construction,  in  spans  up  to  forty,  and  in  some  cases  up  to  fifty 
they  will  be  found  superior  to  any  other  description  of  beam.    In  cases 
the  distance  between  the  supports  exceeds  fifty  feet,  the  tubular  girder 
evidently  the  best  form  of  beam ;  but  of  this  we  shall  speak  more  fully 
we  come  to  treat  of  bridges. 


SECTION  II.— ON  IRON  FLOORS,  ROOFS,  &c. 

Ctast-Iion  Oolnauis, — ^Among  the  applications  of  iron,  cast-iron  columns 

continue  to  hold  a  prominent  position.    The  great  resistance  of  cast-iron 

eompression  was  proved  by  experiments  already  referred  to  (page  391), 

treating  of  artOlery  and  ordnance. 
The  subject  of  columns  has  been  ably  investigated  by  Professor  Hodg- 
i,  and  he  has  deduced  some  interesting  results  from  a  long  series  of 
lents.    He  has  shown  that  the  strength  of  cast-iron  pillars  with  their 

flat,  bears  a  constant  ratio  to  their  strength  when  their  ends  are  rounded. 

I^^ldng  the  mean  results  as  derived  firom  the  experiments,  we  have  the 
^>5lowing  curious  facts : — 


Columns. 

Breaking-weights  in  lbs. 

Both  enda  rounded          .     .    . 
One  end  rounded  and  one  flat  . 
BoUi  ends  flat  or  with  discs 

143 
256 
487 

3017 
6278 
9007 

7009 
13499 
20310 

7009 
13565 
22475 

16493 
83577 

•  • 

In  the  above  table  it  wOl  be  observed,  that  the  pillars  in  each  vertical 
(oiajnn  are  of  the  same  length  and  diameter ;  the  strengths,  therefore,  in  the 
finee  different  cases,  reading  downwards,  are  1, 2, 3  nearly,  the  middle  being 
ia  axitlmietical  mean  between  the  other  two.  It  is  shown,  moreover,  by  the 
•speiiments  on  timber,  wrought-iron,  and  steel,  that  the  strength  of  a  pillar 
irifh  one  end  rounded  and  the  other  flat  is  always  an  arithmetical  mean 
Between  the  strengths  of  pillars  of  the  same  dimensions,  with  both  ends 
zonnded  and  both  flat,  however  the  strength  of  these  may  vary. 

That  the  same  law  appears  to  apply  to  wrought  iron  and  timber,  may  be 
from  the  following  results : — 


Length  in 
incnes. 

Ends  rounded. 

Ends  rounded 
and  flat. 

Ends  flat. 

Wroof^t-iron     .    . 
"Wnmght-iron     .    . 
l^ber     .... 

90{ 
601 
60) 

1808 
3938 
3197 

3355 
8137 
6109 

5280 

12990 

9625 

USEFUL  METALS, 


^1 
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The  strengths  in  these  cases  ture,  therefore,  as  1 ,  3,  8,  nearlf  the  CBine  u 
these  on  cast-iron,  the  middle  being  an  aiitbinetical  mean  between  the  oth«t 
two.  These  are  facts  that  require  careful  attention  (m  the  part  of  architecti 
and  builders,  as  the  bearing  poweiB  of  a  column  mej  be  weakened  one-third 
bj  haying  QUO  of  its  ends  rounded,  and  two- thirds  when  both  ends  aie  rounded. 
All  colnmns  should,  therefore,  have  flat  ends. 

Before  entering  on  the  ap^ication  of  iron  to  rooft  and  the  constntctka 
,  ,  of  iron  honsea,  churches,  it., 

it  will  be  desirable  to  uotiu 
\\  v  the  Preach    aTstam  of  con- 

y  atmctiiig  the  floors  of  dweD- 

J  1    ing  hooMB  and  public  build- 

^^^^  ings.    There  are  two  sfstcat 

at  present  in  use  intheFnoeh 
metropolis,  the  Stfiteme  Vat 
and  the  Syttemt  Thtatmi ;  dia 
fonuer  employing  flatiollcd 
joists,  the  latlar  lolkd 
joists  with  flaugea.  la 
both  BTstems  the  joists  in 
onited  b;r  transrerHe  tae-ndi, 
and  these  again  are  intedaerf 
bj  small  bars  of  iron,  nrjiif 
from  thiee-eighths  to  oneWf 
inch  aquaie,  according  to  at- 
cumstanccs.  These  methodi 
have  been  in  use  for  imm 
j-cars  past ;  bat  that  cf  M. 
Tbuasne,  which  is  aimplf  u 
improvement  in  the  fbim  of 
the  joists,  has  come  into 
general  use  mnce  the  turn- 
mencement  of  tho  alterations  of  the  LouTre  and  the  Rue  de  BivolL  llw 
beams  generally  cmplojed  arc  similar  to  those  shown  in  FigS-  36  and  17 ; 
and  thej  vary  iu  depth,  thickness,  and  length,  according  to  the  width  of  tha 
room  or  the  length  of  tlie  span.  At  first  thej*  were  placed  at  diatancea  of  ont 
metre  apart  =  3  feet  S}  inches;  but  that  distance  was  found  to  be  imxe- 
Tcnicut,  not  giving  suiEcient  strength  and  rigidi^  to  the  floor ;  and  hSM 
they  ore  now  placed  at  about  two  feet  saunder. 

The  oEusl  WSJ  of  forming  the  ceiling,  is  to  force  upwards,  agaiut  A* 
bottom  of  tho  iron  joists,  flat  boards,  wiiich  answer  as  a  centering,  and  tbea 
to  fill  up  the  spaces  between  the  joists  and  tie-rods,  to  a  depth  of  Si  or  S 
inches,  with  a  cotiree  grout  of  plaster  of  Paris.  This  bardens  ihnoa 
immediately,  and  forms  a  ceiling  ready  to  receive  the  finishing  coat  of  fin* 
plaster.  The  upper  part  above  the  iron  joists  is  then  filled  up  with  hollo* 
brick  or  small  cylinders  of  baked  clay  like  flower-pots ;  and  these  being  t.p^ 
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grouted,  form  an  exceUent  bond  to  the  iron  joists.  On  the  top  of  these 
groutings  maybe  formed  the  floor,  of  tiles  or  concrete,  as  most  convenient;  or 
a  wooden  floor  may  be  introduced,  which  is  frequently  done  by  embedding 
wooden  sleepers  at  the  required  distances  to  receive  the  boarding. 

M.  Thuasne  published,  a  year  or  two  since,  a  table  of  sizes  of  joists  and 
prices  for  the  use  of  builders  and  the  public,  of  which  Mr.  Bumell  gave 
the  following  translation  in  a  paper  read  to  the  Boyal  Institute  of  British 
Architects  in  1854 : — 


Bearings: 

iFt  in.     Ft.  in. 


Depthofl  Depth  of  floor  Weight  per 


10  0  to  11  6 

11  6  to  13  0 
13  0  to  16  6 
16  6  to  20  0 
20  0  to  23  0 
23  0  to  26  0 


joirt  in 
incnes. 


4 

4>; 

6 

7| 


complete  in 
inches. 


square: 
Iba. 


Iron  work  Including  grouting 
per  square.'  (12«.)  per  square. 
£    9.    d.\        £8.    d. 


7^ 
7* 


370 

2  19   5 

420 

3  6  5 

465 

3  14  4 

510 

4  1   9 

605 

4  17  6 

700 

5  12  4 

3  II  5 

3  18  5 

4  6  4 

4  13  9 

5  9  6 

6  4  4 


Fig.  44. 


There  is  no  limit  to  the  length  of  riveted  wrought-iron  beams  within 
sixty  or  even  one  hundred  feet ;  but  with  iron  joists  and  beams  from  the  rolls 

the  case  is  different,  the  limit 
being,  with  our  present  ma- 
chinery, about  thirty  feet. 
Booms  of  twenty-four  and 
twenty-six  feet  have  been 
constructed  of  such  joists 
without  main  girders;  but 
when  the  span  exceeds 
twenty-six  or  tliirty  feet,  it  is 
probably  safer  to  use  a  main 
central  girder,  and  diverge 
with  the  iron  joists  on  each 
side;  by  tliis  means  the 
weight  will  be  reduced,  and 
the  span  extended  up  to  forty 
or  fifty  feet,  in  cases  where 
the  nature  of  the  building 
requires  that  width. 

In  regard  to  these  con- 
structions it  may  be  added, 
tliat  there  is  hardly  any  limit 
to  which  wrought-iron  girders 
might  not  be  carried;  but  it 
has  been  ascertaiaed  tliat  the 
limit  of  a  tubular  girder 
bridge  is  1800  feet  span,  as  it 
has  been  shown  that  at  that  distance  the  weight  of  material  contained 


Fig.  4G. 
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in  the  structure  breaks  the  girder.  In  dwelling-houses  and  pnbfic  build- 
ings, fifty  to  sixty  feet  in  width  is  seldom  exceeded;  and  in  sach  cases  it 
is  the  safest  and  the  cheapest  plan  to  introduce  main  tubular  girders  at 
twenty  or  twenty-four  feet  apart,  and  to  fill  up  longitudinally  with  rolled 
iron  joists. 

This  system  of  applying  iron  to  the  construction  of  the  floors  of  buildingi, 
appears  to  have  been  first  introduced  by  Dr.  Henry  Hawes  Fox,  who  applied 
it  to  a  lunatic  asylum  in  Gloucestershire,  in  1833-4;  and  in  the  year  1844 
he  took  out  a  patent  for  its  application  to  other  buildings  of  a  similar 
character.  It  is  not  stated  whether  Dr.  Fox  employed  cast  or  wrought-iron 
beams  in  the  Gloucestershire  asylum,  but  we  apprehend  they  were  castiron. 
But  be  that  as  it  may,  wrought-iron  bars,  for  the  joists  of  floors  covered  vriih 
flags,  have  been  used  in  drying-houses  in  Lancashire  for  the  last  forty  yean; 
and  beams  with  flanges,  as  in  the  French  system,  haye  been  employed  fiv 
the  deck  beams  of  ships  for  the  last  twenty  to  twenty-five  years.  It  is,  how^ 
ever,  from  the  time  when  the  lengthened  scries  of  experiments  were  undov 
taken  to  determine  the  form  and  strength  of  the  tubular  bridges  whidi 
cross  the  river  Conway  and  the  Mcnai  Straits,  that  we  may  safely  date  the 
introduction  of  T\TOughtiron  for  floors  and  public  buildings  upon  a  large  and 
extended  principle  of  construction. 

Figs.  41  to  43  exhibit  the  French  systems  of  construction,  and  I^gs.  44 
to  47  are  sections  of  the  fire-proof  floors  introduced  into  England  by  Messn. 
Fox  and  Barrett. 

Zzon  Roofs. — These  constructions  date  from  a  recent  period  in  the  appli- 
cation of  iron ;  some  few,  indeed,  were  made  before  the  close  of  the  last  cen- 
tury, but  their  em- 
ployment was  vezj 
limited  previously  to 
the  introduction  of 
cast-iron  in  the  con- 
struction of  Messn. 
Pliillips  and  Lee's 
^7  fire-proof  factoiy  it 
Manchester.  Dmiog 
the  rapid  extenska 
of  the  cotton  mann- 
fiactnre,  most  of  the 
fire-proof  mills  max 
covered  with  iwn 
roofs  of  the  fonn  I^ 
presented  in  Fig.  4ft.  This  description  of  roof,  with  its  series  of  arches, 
was  very  convenient,  as  it  gave  a  spacious  room  in  the  attic-story,  cither 
for  machinery  or  for  other  purposes.  Perhaps  the  only  drawback  to  its 
employment  was  its  expense,  which  amounted  to  about  the  same  sum  as  the . 
expense  of  an  additional  story.  i 

Another  form  of  roof  was  introduced  by  Messrs.  Fairbaim  and  LiQie,  of  | 
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Manchester,  in  1827,  and  has  been  very  generally  adopted  since  that  time 
for  large  buildings,  railway-stations,  and  other  stractnres  where  the  span 
does  not  exceed  fifty  feet.  It  is  a  simple  and  elTectlYe  roof,  composed  of 
trussed  cast-iron  principals,  and  iron  rods  on  which  the  slates  are  laid  with 
iron  nails  or  pegs.  Of  recent  years,  and  since  the  introduction  of  railways, 
the  cast-iron  has  giyen  place  to  wrought-iron  of  the  X  form ;  and  considering 
the  facilities  with  which  this  material  can  be  obtained  from  the  rolls,  it  is 
porobably  one  of  the  simplest  and  most  effectLve  roofs  that  can  be  made.    In 

Fig.  49,  a  a  is  the 
"T  iron  princi- 
pal; e  c,WTorxghtr 
iron  tie-rods  fixed 
upon  the  princi- 
pal by  shoes  at 
either  end,  and 
supporting  the 
roof  by  means  of 
Fig.  4D.  tiia    the  cast-iron  strut 

b  ;  the  tie-rod  d  holds  the  roof  in  place  by  resisting  its  tendency  to  force  the 
walls  outwards. 

Roofs  of  wider  span  are  of  greater  complexity,  and  require  to  be  care- 
fully constructed,  in  order  to  give  the  necessary  rigidity  and  retentiveness  of 
form.  Every  pair  of  principals  composing  such  structures  should  be  sclf- 
sapporting — that  is,  should  have  sufficient  stifihess  within  itself  to  sustain  a 
load  of  40  lbs.  to  every  square  foot  of  roof,  without  yielding  to  pressure  or 
causing  any  thrust  upon  the  side- walls  of  the  building.  We  have  always 
finind  this  test  to  allow  a  safe  margin ;  and  in  our  opinion  every  roof,  or  rather 
a  pair  or  two  pairs  of  principals,  in  new  constructions,  should  be  tested  up  to 
that  standard.  Two  examples  will  be  sufficient  to  explain  the  principles  of 
oonstruction,  and  to  show  the  system  generally  adopted  in  this  kind  of  roof. 
Fig.  50  is  a  section  of  the  iron  roof  over  the  I^e  street  Station,  Liver- 


Fig.  60. 


pool,  ooDstraoted  by  Mr.  Bichazd  Turner,  of  the  Hammersmith  Iron-works, 
Extreme  kngtfa,  874  feet ;  and  breadth,  153  feet  6  inches. 
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The  roof  consists  of  a  series  of  segmental  principals  or  gizdezs,  fixed  at 
intervals  of  21  feet  6  inches  from  centre  to  centre.  These  principals  an 
tmssed  vertically  by  radiating  stmts,  made  to  act  by  straining  the  tie-rods 
and  diagonal  braces;  they  are  trussed  laterally  by  purlins,  placed  over  th« 
radiating  stmts  and  intermediately  between  them;  also  by  diagonal  bracing, 
extending  from  tlie  bottom  of  the  radiating  strata  to  ^e  top  of  the  cor 
responding  ones  in  the  adjoining  principals. 

Each  principal  is  composed  of  a  wrought-iron  deck-beam,  nine  inches  in 
depth,  with  a  plate  ten  inches  wide  and  a  quarter  of  an  inch  thick,  riveted 
upon  the  top.  This  curved  rib  is  formed  of  seven  pieces,  connected  with 
each  other  at  the  points  where  the  radiating  stmts  are  attached  by  means  of 
plates  riveted  on  both  sides.  There  are  six  radiating  stmts  in  each  rib, 
varying  in  length  from  six  to  twelve  feet;  they  are  seven  inches  in  depth,  and 
are  attached  to  the  tie-rods  by  wrought-iron  link  plates.  The  sectional  aret 
of  the  tie-rods  is  6^  inches. 

The  diagonal  braces  hold  the  struts  tight  up  against  the  principals,  and 
assist  the  tic-rods  in  giving  the  required  rigidity  to  the  principals ;  they  are 
formed  of  round  iron  1$  inch  in  diameter.  The  ends  of  the  prindpals  are 
fixed  in  chairs  of  cast  iron ;  those  on  one  side  resting  upon  a  solid  plate,  and 
the  others  upon  rollers,  which  have  the  power  of  traversing  a  space  of  three 
inches,  also  upon  a  metal  plate,  so  as  to  admit  of  any  expansion  or  contnc 
tion  of  the  rib,  though  up  to  the  present  time  no  motion  has  been  obserred. 
The  roof  is  covered  with  galvanized  corrugated  wrought-iron  plates,  and  mtk 
rough  plate-glass. 

The  total  cost  of  this  roof  was  about  £l6fi00,  and  the  time  occupied  in 
its  erection  was  about  ten  months. 

The  superiority  of  a  roof  of  this  kind  over  the  ordinary  dated  roofii  in 
small  spans  is  at  once  evident ;  not  only  is  the  space  occupied  by  the  intar- 
mediate  columns  or  supports  saved,  and  every  obstruction  to  the  use  of 
sidings  removed,  but  the  iron  roof  is  much  more  durable,  and  is  not  subject 
to  decay  to  the  same  extent  as  those  composed  of  wood. 


Hg.  51. 


Fig.  51  is  a  section  of  one  of  the  larger  spans  of  the  new  SmithfieH 
Market,  Manchester.  The  space  to  be  covered  by  this  roof  is  440  feet  long  by 
244  feet  wide.  It  is  composed  principally  of  wrought-iron,  and  eonsistB  of 
two  central  spans  of  fifty  feet  each.    The  whole  is  supported  by  castJroa 
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gutter  girdezB,  of  an  average  length  of  twenty-three  feet  each,  resting  on 
odimixia  about  twenty-five  feet  high.  At  the  apex  of  each  roof  is  a  skylight 
fifteen  foet  wide  on  each  side  of  the  ridge,  running  the  whole  length  of 
the  market,  and  supported  on  Louvre  framing,  by  which  ample  ventilation 
is  secured.    The  total  area  of  glass  is  upwards  of  60,000  square  feet. 

We  might  introduce  the  splendid  new  roofs  over  the  stations  at  Birming- 
ham and  Paddington — ^the  first  by  Messrs.  Fox,  Henderson,  &  Co.,  the  latter 
from  designs  by  Mr.  Brunei;  but  as  these  are  familieu:  to  travellers, 
architects,  and  builders,  it  will  not  be  necessary  to  describe  them  here.  We 
may,  however,  notice,  that  in  France  some  beautiful  roofs  have  been  con- 
structed of  wrought-iron ;  that  over  the  Paris  and  Versailles  railway-station 
is  composed  entirely  of  riveted  plates  and  angle  iron :  others  are  also  in  use 
similar  to  those  constructed  in  this  country.  All  these  structures  are  to  bo 
seen ;  and  we  recommend  them  to  the  patient  examination  of  the  mechanical 
student  as  substantial  lessons  in  practical  science. 

Before  leaving  the  subject  of  the  application  of  iron  to  building  purposes, 
«e  would  refer  to  the  manufacture  of  houses,  churches,  &c.,  entirely  of  iron, 
niiich  has  assumed  an  important  place  in  iron  application  of  late  years.  The 
difficulty  of  obtaining  building  materials,  and  tiho  high  price  of  labour  in 
Australia  and  other  colonial  settlements,  has  created  a  demand  for  construc- 
tions of  this  kind,  which,  being  prepared  in  England,  may  be  taken  out  and 
put  up  in  a  short  tune,  and  without  much  labour.  The  bulk  and  weight  of 
wooden  constructions  have  rendered  them  to  some  extent  unavailable  in  this 
respect;  and  hence  recourse  has  been  had  to  iron,  which  has  answered  the 
purpose  admirably,  both  as  regards  durability  and  security  from  fire. 

One  of  the  earliest  attempts  to  employ  iron  in  this  way  was  made  by 
Mr.  Fairbaam  in  1839,  when  he  constructed  an  iron  corn-mill  for  the  Seras- 
kier,  HftlQ  Pasha,  Commander-in-Chief  to  the  Sublime  Porte.  The  waUs 
were  of  plates  of  sheet-iron  of  suitable  thickness,  consolidated  and  bound 
together  by  cast-iron  columns  and  by  strong  cast  iron  girders.  It  is  sur- 
mounted bj  an  arched  roof,  formed  of  plates  of  corrugated  sheet  iron ;  and 
forms  probably  one  of  the  finest  and  most  perfect  iron  constructions  executed 
in  this  country.  The  interior  was  intended  to  be  lined  with  wire-gauze,  and 
plastered  so  as  to  leave  a  stratum  of  air  between  the  interior  plaster  and  the 
external  plates.  This  building  was  erected  at  Constantinople,  and  is  now 
occupied  as  a  flour-mill. 

Fig.  52  is  a  sectional  elevation  of  an  iron  custom-house,  constructed  by 
Messrs.  E.  T.  Bellhonse  &  Co.,  of  Manchester,  and  will  serve  to  show  to  what 
extent  iron  may  be  applied  in  constructions  of  this  kind.  This  custom-house 
wu  intended  for  the  town  of  Payta,  in  Peru ;  and,  together  with  a  large  iron 
vunhonse,  was  erected  in  Messrs.  Bellhouse's  yard,  and  then  taken  to 
pieces  in  sections  and  transmitted  to  its  destination. 

It  consists  of  a  square  block  seventy  feet  each  way,  of  two  lofty  stories, 
■nTonnded,by  a  balcony  at  the  second  floor  level  and  an  ornamental  veranda, 
each  projecting  two  yards  from  the  face  of  the  building.  The  roof  inclines 
^iwards  from  each  side,  meeting  at  a  square  platform  twenty-three  feet 
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kcrot8,aiid  aboTe  which  liaea  a  ciicnlar  tower  BerentMa  feat  hi{^  and  fifieoi 
feet  in  diameter,  which  is  Bormoimted  b;  an  npper  triienlar  tower  and  &»f 
staff.    The  external  shell  consiets  of  etrong  cutiron  piluten  and  ctoM 


pieces  of  wronght  angle-iron,  to  which  are  bolted  the  galranized  camgtttd 
sheets  No.  IB  wire  gauge.  The  whole  of  the  sidea  and  ceilings  of  the  Tsriau 
rooma  and  paesoges  are  lined  with  boarding,  upon  which  Gn^pm'a  patot 
inodorons  felt  is  nailed,  which  will  be  papered  with  common  lining  papOt 
and  finished  with  coloured  paper-hangingB.  Windows  opening  i&.the  mf"*"^ 
of  French  casemenls  afford  light  to  the  rooms. 

Fig.  03  represents  a  cross  section,  and  Fig.  CA  a  nd«  Tiew  of  the  oidm- 
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ingle-iron  A  and  timber-batten  B,  to  which  are  attached  the  gal- 
corrugated  sheets  C  on  the  outside,  and  the  lining-boards  D  on  the 

losing  these  remarks,  it  is  evident  that  there  is  yet  much  to  be  done 
on  the  part  of  the  architect  and  engineer  in  the  appliance  of  iron  to 
the  constmction  of  buildings ;  and  it  is 
much  to  be  regretted  that,  notwith- 
standing the  extent  of  the  iron  manu- 
facture of  this  country,  and  the  com- 
parative cheapness  of  production,  we 
should  be  behind  our  continental  neigh- 
bours in  its  application  to  buildings  and 
dwelling-houses.  rig*  w. 

1  all  our  boasted  skill  and  our  immense  production,  we  have  never 
le  to  roll  iron  beams  nor  apply  them  to  the  same  extent  as  the 
;  and  our  architects  have  almost  totally  neglected  the  application  of 
}ortant  and  highly  useful  materiaL  Whether  this  omission  arises 
ejudice  or  ignorance,  or  from  both,  we  are  unable  to  determine ;  but 
3  been  the  apathy  or  want  of  foresight  of  this  class  of  men,  that  they 
owed  others  of  more  humble  pretensions  to  go  before  them.  There 
)pen  for  some  young  and  active  aspirant  a  new  and  a  wide  field  of 
1  construction  as  well  as  design ;  and  it  only  requires  a  man  of  taste 
inal  thought  to  strike  out  for  himself  a  perfectiy  new  style  of  archi- 
founded  on  a  more  accurate  knowledge  of  the  properties  of  iron  and 
ance  to  the  wants  of  his  profession. 
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»   THE   APPLICATION   OF   C 
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*  TO  bah-wais, 


Thb  consiimptioii  of  iron  for  nulmf  purpoaefi  uid  for  bridges  has  been  w 
enonuouB  Bines  1630,  as  to  be  sufficient  in  itself  to  mark  tile  conunencemoit 
of  a  new  era  in  the  liistory  of  its  application.  At  no  former  period  in  Ihe 
history  of  nations  did  changes  of  such  magnitude  eTer  take  place;  ud 
considering  the  thousands  of  miles  of  railway  which  hare  ainee  been  con- 
stmcled,  at  home  and  abroad,  including  the  immense  amoont  of  loUing 
stock, — and  mOTeover  when  we  consider  that  iron- shipbuilding  oommenceJ 
about  the  same  period, — it  wiil  be  evident  that  the  impetus  given  to  the  ina 
manufacture  of  this  country  has  been  'unparalleled  in  its  extent  when  applicl 
to  the  history  of  any  other  manufacture,  that  of  cotton  probably  excepted. 

Iniailway  constructions,  iron  is  employed  almost  to  the  exclusion  of  emy 
other  material.  The  rails,  chairs,  and  machinery,  are  almost  entirely  of  iron; 
and  even  the  camagea,  waggons,  and  other  apphances,  Bre,inmaDy  oaaee.of 
the  same  material.  The  wheels,  tyres,  springs,  and  draw-bars,  are  allofthii 
material ;  and  even  the  coverings  of  many  of  the  carriages  and  waggou  ■» 
composed  of  iron  frnmea  and  plates. 

The  forms  of  the  rails,  chairs,  and  the  wheels  which  run  upon  them,  in 

so  well-known  as  scarcely  to  require  a  description.     The  rails,  however, 

vary ;  and  we  shall  therefore  give  a  brief  sketch  of  their  api>Iicatian.    In  the 

earjierst    ages 

I — -_  of  railroad  con- 

"      —  ■■       stiuction,    the 

lines  laid  down 

ftom  the  collieries  at  Newcastle  on-Tj^e  to  the 

river  were  {in  the  reign  of  Charles  IT.)  com- 

posed  of  longitudinal  pieces  of  wood  laid  on  [ 

bansverse  sleepers.  These  continued  for  many 
years  without  change,  excepting  only  occa- 
sional repairs  of  thin  iron  bars  nailed  on  the 
snr&ce  of  the  wooden  rails.  About  the  year 
1807,  the  introduction  of  iron  was  first  at- 
tempted, the  rails  then  used  being  made  of 
ca^iron  three  feet  long,  and  of  the  fish-beUied 
fi>im,  shown  in  Fig.  55.  These  subsequently  gave  place  to  the  maOeaUt- 
iron  rail — still  fish  bellied — untU  at  last  it  was  found  more  desirable  to  hn* 
the  parallel  rail  with  top  and  bottom  flange,  as  shown  in  the  accompanjing 
diagrams,  Figs.  66,  57,  and  08,  in  which  it  is  sees  as  it  appeals  when  Sui 
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chair,  foatened  down  liy  pins  or  trcnaila  to  a  trasBreise  sleeper  em- 
d  in  the  bKllitst  of  the  roadmj'.    As  a  sabstitnte  for  this  rail,  other 
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have  sabaeqnently  been  nsed ;  nich,  for  ingtanoe,  as  the  box-rail,  F 
uch  lies  direct  upon  a  longitudinal  sleeper  throaghout  its 
I  length,  and  the  large  trongh,  or  saddle-hack  rail,  which 
lewhat  siniilar  to  Fig,  ti9,  bat  with  flanges  spread  ont,  so 
rest  npon  the  gravel,  witboat  aleepers,  requiring  only 
Is  and  wooden  frames  about  eveij  sis  feet  to  keep  it  in 

lie  wheels  of  locomotive  ei^ines,  caniages,  and  waggons, 

1  of  iron,  with  malleable-iron  ^res,  which  latter  never  vary  their  seo- 

fonn,  whatever  may  be  the  diameter  of  the  wheel  or  the  nature  of  the 
hey  have  to  bear. 

tie  nest  stnictnres  to  which  ironis  applied  npon  alarge  scale  ere  bridges; 
be  employment  of  these  is  not  confined  to  railways,  but  is  extended  to 
ses  wliere  wide  valley h  and  rivers  have  to  be  crossed. 
na.  BzUgBB, — Iron  bridges  are  of  recent  origin ;  and  although  the 
ra  of  resistance,  rigidity,  and  other  properties  of  this  material,  have 
known  from  an  early  period,  its  uses  for  many  centuries  were  limited 
itmments  of  war  and  purposes  of  a^cnlture,  by  the  difficulty  with 
X  it  was  worked,  and  the  cost  at  iriiieh  it  was  produced.  But  as  civil- 
n  advanced,  and  the  useful  and  indnstrial  arts  increased,  the  mann&o- 
if  iron  from  the  ores  became  a  matter  of  deep  importance ;  and  hence 
red  improvementfl  in  the  manufacturing  processes,  which  cheapened  the 
letion,  while  the  demand  for  it  was  greatly  increased  by  its  application 
rposes  for  which  it  bad  been  supposed  it  could  never  he  eniploye4' 
igrt  these  were  bridges ;  and  the  first  successful  application  of  iron  to 

construetiona  was  the  cast-iron  arch  across  the  Severn  at  Colebrook- 
erected  in  1TT9.  It  is  stated  that  attempts  were  made  in  Italy  and  in 
ae  at  an  earKer  period  to  construct  cast  iron  bridges,  but  they  were 
'  erected ;  and  their  introduction  properly  belongs,  therefore,  to  Jdr. 
Iiard,  the  designer,  and  to  Messrs.  Darby  and  Reynolds,  the  con- 
Uxn,  of  the  Colebrookdale  Bridge.  Fig.  00  is  an  elevation  of  this  bridge. 
I  oonmsts  of  five  ribs  of  100  feet  span  each,  consisting  of  three  conoen- 
ings  of  cast-iron,  one  only  being  entire.    This  is  donbtleas  a  defiBotive 
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but  considering  the  imperfect  state  of  our  knowlcdg 
time,  it  JB  probabl;  as  perfect  oa  could  reaaonablj  hare  been  expec 
first  oasay  in  iron  construction  oa  bo  large  a.  scale. 


of  130  feet  span,  erected  bj 
over  the  Seva 
Shrewsbwy,  1 
and  soon  after  i 
month  Bridge, 
designs  of  Mr. 
Wilson,  was  o 
a-  the  ^ 
1700.  This 
dinary  bridge  is 
able  alike  for  tl; 
of  the  span  (,2 
the  boldness  wii 

the  rapidity  wil 


ng.  «i. 


Messrs.      Wal 
Bothcrham,    n 
contractors ;   a 
ther  we   conai 
vastnesB  of  tht 
ment,  or  the  ai 
Dossof  thestJiL 
a  height  of  100  feet  above  the  river,  we  must  at  om 
that  it  is,  up  lo  this  period,  one  of  the  largest  and  n 
cessiul  developments  of  iron  constmction.     The  brii 
sists  of  six  ribs,  placed  at  distances  of  siit  feet  apart ; 
formed  into  panels  by  radial  bars,  which  form  vonss( 
of  which,  nnited  by  nrought-jron  arcs,  fitted  in  groc 
secured  in  bolts,  form  a  rib.  The  spandrUs  are  fiUed  up  with  outiran 
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supporting  tho  roadwaji  which  give  a  degree  of  aizy  lightness  to  the  constmc* 
tion  that  borders  on  insecnrity.    It  has,  nevertheless,  stood  the  test  of  more 
than  half  a  century;  but  at  present,  we  believe,  it  is  under  consideration  to 
liave  it  strengthened  or  replaced  by  a  wider  and  more  substantial  structure. 
Immediately  after  the  construction  of  the  Wearmouth  Bridge,  several 
other  similar  constructions  followed ;  and  in  1801  Mr.  Telford  sent  in  designs 
for  a  cast-iron  bridge  of  six  hundred  feet  span^  and  with  a  rise  of  sixty-five  feet 
aboYB  high-water,  intended  to  replace  one  of  tlie  London  bridges.   This  splen- 
did arch  across  the  Thames  was  commenced,  but  was  afterwards  abandoned. 
In  1819,  the  late  Mr.  John  Kennie  erected  the  Soutliwark  cast-ii-on  bridge, 
which,  for  architectural  effect  and  colossal  proportions,  stands  unrivalled  in 
the  history  of  cast-iron  bridges.    For  simplicity  in  construction,  extent  of 
span,  and  the  durable  character  of  tho  structure,  as  a  whole  it  has  no  com- 
petitor, even  at  the  present  day,  among  the  numerous  bridges  of  this  descrip- 
tion which  have  been  erected  since  that  time. 

One  of  the  most  beautiful  of  this  description  of  bridges  constructed  in 
this  country  is  that  of  Tewkesbury,  designed  by  Telford.  It  is  of  170  feet 
span,  and  consists  of  six  ribs,  and  spandiils  of  light  diagonal  work.  It  has  a 
rise  of  seventeen  feet. 

Gast-Xxon  CHvdez  Biidges. — Other  bridges  besides  those  of  the  cast- 
iron  arch  have  been  introduced,  chiefly  for  small  spans ;  and  these  are  called 
beam  or  cast-iron  girder  bridges.  They  have  been  in  great  demand  for  rail- 
vrays  where  the  span  does  not  exceed  forty  or  fifty  feet,  and  they  are  also 
nai^  for  common  roads  crossing  canals,  &c.;  but  in  spans  above  fifty  feet 
they  cannot  be  depended  upon,  unless  formed  in  parts  and  jointed  together 
-msik  bolts.  The  best  form  in  the  larger  spans  is  the  fiat  arch,  with  a  versed 
■ine  of  about  ^<fth  tlie  depth  of  the  chord.  This  description  of  beam  partakes 
of  the  properties  of  tho  beam  as  well  as  the  arch :  unlike  some,  it  does  not 
.  entirely  depend  upon  voussoirs  as  an  arch  of  equilibrium,  being  partly  retained 
in  form  by  the  unyielding  nature  of  the  abutments  resisting  the  thrust  of  the 
weight ;  and  from  its  connection  at  the  joints  by  bolts,  it  becomes  a  beam 
with  a  large  camber,  supporting  tho  load  by  its  resistance  to  compression 
and  extension. 

Bowstring  bridges,  having  the  roadway  suspended  from  strong  cast-iron 
arches,  have  also  been  introduced ;  but  as  these  bridges  are  expensive,  and 
as  all  combinations  of  a  rigid  with  a  ductile  material  are  objectionable,'^:  it 
will  not  be  necessary  to  enlarge  on  their  construction;  and  the  same  may  be 
said  of  bridges  with  trossed  cast-iron  girders. 

COialn  and  Wive  Bvidgea. — ^Bridges  upon  the  principle  of  suspension 
are  of  ancient  origin,  and  appear  to  have  been  used  from  an  early  date  in 
China,  and  among  the  Peruvians ;  they  were  composed  of  ropes,  on  wliich 
the  roadway,  consisting  of  logs  of  trees  laid  transversely,  was  placed ;  but 
they  were  of  primitive  construction,  and  being  composed  of  perishable 
materials,  were  never  used  where  a  more  durable  structure  could  be  erected. 
Their  introduction  into  Europe  is  due  to  the  use  of  iron ;  and  the  first  suspen- 

•  8te  experiments  on  the  tnuwd  cast-iron  girders,  page  417,  et  seq. 
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sion  bridge  thus  conatructed  was  thrown  across  the  xiTer  Tweed  near  Mel- 
rose. Another  suspension  bridge,  composed  of  chamft  and dwrignad  hy  Captain 
Brown,  spans  the  Tweed  a  little  above  Berwick.  After  this  the  NewhaTen 
and  Brighton  chain-piers  were  erected,  and  nltimatelj  the  colossal  stroetoieB 
of  the  Conway  and  Menai  Straits.  Some  beantiM  bridges  of  this  description 
have  also  been  built  by  the  late  Mr.  Tiemej  Clark ;  one  at  Hammersnufli, 
and  another  crossing  tiie  Danube  at  Pesth.  Wire  bridges  have  also  been 
constructed  in  this  country,  but  only  to  a  limited  extent ;  they  are,  howeTer, 
much  in  demand  in  many  parts  of  France  and  Germany,  and  we  msj 
instance  those  over  the  Bhone,  and  the  light  and  elegant  stroctnre  01870 
feet  span  at  the  town  of  Friburg,  in  Switzerland.  Most  of  these  bridges 
are  composed  of  wire  bound  into  ropes  and  cables  of  strength  proportional  to 


Fig  62. 

the  extent  of  the  span  and  the  load  they  are  intended  to  bear.  As  aU  these 
bridges  ore  on  the  principle  of  the  catenary,  whether  formed  of  wire  or  of 
chains,  it  will  be  sufficient  to  take  one  or  two  of  the  best  as  examples  of  the 
whole. 

Fig.  02  represents  tlie  Friburg  suspension  bridge  over  the  valley  of  ^ 
Sarine,  of  the  enormous  span  of  870  feet,  and  167  feet  above  the  level  of  thfl 
river ;  and  for  boldness  of  conception  and  beauty  of  execution,  it  is  a  model 
of  its  class. 

The  bridge  is  composed  of  four  main  cables,  two  on  each  side  of  the  zoed- 
way ;  each  of  tliese  is  composed  of  twenty  strands,  which  were  made  tnd 
raised  to  tlieir  place  separately,  on  account  of  the  difficulty  of  raising  so 
great  a  weight  entire.  These  strands  are  composed  of  wire  about  one-tenth 
of  an  inch  thick,  laid  parallel  and  subjected  to  a  testing  strain  of  220  lbs. 
each,  and  then  bound  together  by  wire  at  every  three  or  four  feet,  and  cotied 
^vith  a  mixture  of  oil,  litharge,  and  soot,  to  prevent  their  rusting.  Eadi 
cable  consists  of  twelve  strands  of  fifty-six  wires  each,  and  eight  of  fortr- 
eight  wires  each,  bound  up  into  a  cylindiical  form  by  wire  at  every  second 
foot ;  and  when  complete  was  five  and  a  half  inches  in  diameter,  and  122S 
feet  long. 

The  piers  on  either  side  are  founded  on  the  solid  rock,  and  rise  sixtj-ox 
feet  above  the  level  of  the  road.  They  present  to  the  passenger  an  aiched 
opening  forty-three  feet  high,  each  of  the  sides  bearing  three  pilasters  and  an 
entablature  pracefuUy  arranged  as  a  Doric  portico.    In  the  upper  part  of  the 
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is  placed  the  apparatus  for  receirmg  the  cables;  it  consists  of  three 
8,  giving  as  many  points  of  support  to  the  cables,  which  are  allowed  to 
d  out  and  form  a  band  at  these  points.    Every  fetcility  is  a£forded  bj 

firiction  rollers  for  slight  movements  of  the  cables,  in  consequence  of 
King  temperature  or  similarly  acting  agents ;  while  by  their  disposition 
ibles  are  not  damaged  by  sudden  bends. 

eyond  the  piers,  sloping  galleries  are  cut,  at  the  bottom  of  which  are 
ihafts,  sunk  to  a  depth  of  fifty-two  feet  In  these  masonry  is  fitted  to 
>rt  the  cables,  which  are  carried  down  to  the  bottom  and  there  secured, 
lien  the  cables  had  been  raised  to  their  position,  and  the  strands  on 
side  bound  into  two  cables  by  iron  wire, 
uspension  cords,  as  shown  in  Fig.  63,  were 

by  saddles,  e,  embracing  the  cables.  At 
*ottom  a  stirrup  and  hook-loop  supports  the 
beams,  over  which  are  the  longitudinal 
dng,  &c.  The  suspension  cords  consist  of 
'  wires,  and  are  one  inch  in  diameter, 
width  of  the  roadway  is  twenty-one  feet ; 
eflection  of  the  main  cables  sixty  three  and 
irter  feet ;  weight  of  the  bridge,  296  tons ; 
-£24,000. 

nother  bridge  of  colossal  dimensions  has 
erected  over  the  Niagara  river  below  the 
It  carries  the  railroad  which  connects 
da  with  the  state  of  New  York,  and  is  com- 
I,  like  the  Friburg  bridge,  of  four  wire 
B,  each  ten  inches  in  diameter  and  com- 
L  of  3640  wires.  From  the  suspending 
ky  of  the  wire,  it  is  calculated  to  bear  up- 
3  of  120,000  lbs.  per  square  inch.  It  is  of 
set  span  and  245  feet  above  the  river,  and 
«en  in  operation  for  nearly  three  years. 

was  our  intention  to  have  given  a  drawing  of  one  of  the  most  important 
olossal  chain  bridges  that  has  yet  been  executed,  namely,  the  Menai  Sus- 
on  Bridge,  designed  and  executed  by  the  late  Mr.  Telford ;  but  we  have 
ly  exceeded  our  limits,  and  must  content  ourselves  with  a  brief  notice 
is  important  structure,  rather  than  a  description  not  calculated  to  do 
«  to  a  work  that  cannot  be  looked  upon  in  any  other  light  than  a  great 
oal  undertaking.  Suffice  it,  therefore,  to  observe  that  the  Menai  Suspen- 
Bridge  was  the  first  structure  of  the  kind  to  unite  the  Island  of  Anglesey 
the  mainland,  at  a  narrow  point  of  the  Straits  a  little  above  the  old 
;or  ferry.  It  is  580  feet  span,  and  100  feet  above  the  tide-way;  and  the 
"8,  composed  of  Anglesey  marble,  approach  close  to  the  edges  of  the  rock 
x^  Bide,  so  as  not  to  impede  or  in  any  way  injure  the  navigation  of  the 

or  symmetrical  appearance,  and  due  proportion  of  the  parts,  this  speci-    I 


Fig.  63. 
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Mr.  Pledge's  bndge— Tiz.  that  tlie 
tiw%j  are  hmtg  obtiqnely,  not  Toti- 

,r.  as  «rr>w  *r:i:-:^  T^iry  =3.  i»;=hz^^i£  frroi  ihe  shatmentB  to  the  middle 
of  tbe  brjigg.  Fa:?:  ror  is  eccsLi^r^fd  ;c  pverfvici  its  pazt  in  siqipoitnig  die 
kwL  in  prnp:rd:a  %:■  is  d2isu&e«  £r:3i  ihe  abotznenL  drawn  into  the  one 
of  the  ao^e  of  is  di7>hRSHL :  so  tLa:  the  entire  series  of  soflpending  bsa 
transDiiis  the  sK=e  ygygon  to  the  p^sss  of  SKq«port  as  wcold  be  tzansnittBd 
by  a  sizigie  lar  rparhingifroo  theace  to  the  middle  of  the  bridge. 

Fig.  65  is  an  eleration  of  a  bri^  on  this  principle,  erected  at  BaDoch  FeDjt 
Dombartonshixe.  which  will  explain  this  method  of  coostmctiQii.  The  entixt 
length  of  the  bridge  is  292  fleet ;  the  length  of  the  middle  qpan  200  ieet;  roei- 
wsf  20  feet  wide.  The  piers  are  octagonal  towers*  15  feet  by  9  fioet  at  the 
bate,  and  40  feet  abore  the  bed  of  the  rirer.  The  mam  chains  are  Jomed 
of  I  round  bars,  laid  side  by  side ;  thirteen  in  number  orer  the  tonexs,  sad 
diminishing  hy  one  bar  at  ererj  link.till  at  the  centre  of  the  bridge  die  dum 
is  rednced  to  a  single  bar.    The  links  upon  the  towers  are  6  fieet  kng.  die 
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others  0  feet  The  weight  of  the  chains  is  13,874  lbs.  The  oblique  rods  are 
of  }  inch  round  iron ;  the  chains  being  connected  with  the  platform  by  two 
of  these  at  each  link. 


—        I 


Fig.G5. 


Several  of  these  bridges  have  been  constructed  in  India,  but  wo  have  yet 
to  learn  in  what  respect  they  differ  from  ordinary  suspension  bridges,  cither 
in  regard  to  icost  or  security.  It  has  been  asserted  that  they  are  much 
cheaper ;  but  they  must  not  be  considered  as  less  expensive,  if  a  reduction  of 
price  is  attained  by  the  sacrifice  of  part  of  the  strength  of  tlie  bridge. 

Tulmlaz,  Tubulas  Olxder,  and  Plate  Bridges. — It  will  not  be  neces- 
sary to  trace  the  origin  and  course  of  the  experiments  which  were  instituted 
to  determine  the  proper  form  of  the  tubular  bridges  which  cross  the  Couway 
Bivcr  and  the  Menai  Straits;  they  are  akeady  well-known.  Sufilcc  it,  there> 
fore,  to  observe,  that  in  order  to  comply  with  the  demands  of  the  Admiralty 
in  carrying  the  Chester  and  Holyhead  Railroad  across  the  Menai  Straits,  in 
such  a  manner  as  not  to  impede  the  navigation,  it  was  found  necessary  to 
construct  a  bridge  of  colossal  dimensions,  having  four  spans,  and  leaving  a 
dear  opening  on  each  side  of  the  centre  pier  of  460  feet,  with  an  elevation  of 
100  feet  between  the  bridge  and  the  high-water  level. 

This  could  not  have  been  accomplished  by  the  ordinary  applications  of 
iron,  such  as  cast-iron  arches  or  chain  bridges;  the  former  not  giving  suffi- 
cient height  above  the  water  level,  and  the  latter,  from  their  flexibility,  having 
been  shown  to  be  inadequate  for  the  support  of  railway  trains*  and  railway 
traffic.  It  was  ultimately  resolved  to  erect  wrought-iron  tubes,  through  which 
the  trains  might  pass.  This  project  of  crossing  the  Straits  was  considered 
by  some  mathematicians  and  engineers  at  the  time  as  perfectly  Utopian; 
and  it  was  left  to  Mr.  Stephenson  and  Mr.  Fairbairn  to  solve  the  problem 
by  carrying  it  into  effect.  A  laborious  series  of  experiments  was  insti- 
tuted, which  pointed  out  the  principle  on  which  such  a  structure  should  be 
designed,  determined  the  formula  for  calculating  its  strength,  and  established 
an  entirely  new  system  of  construction.  These  exi>eriments  have  already 
led  to  the  use  of  wrought-iron  to  an  immense  extent,  and  have  aflbrded  to 
the  public  greatly  increased  facilities  for  railway  and  other  communication. 

It  may  be  observed,  that  the  original  conception  was  to  have  a  cyliudrical 
or  elliptical  tube  supported  by  chains — the  former  giving  sufficient  rigidity 
to  prevent  tlie  dangerous  vibratory  action  of  ordinary  suspension  bridges, 
the  latter  affording  the  necessary  support ;  but  the  experiments  led  to  a 

•  The  only  tuccestful  application  of  the  8U8i>€nsion  bridge  to  railway  purposes  is 
the  Niagara  Bridge ;  but  this,  although  stiffened  in  every  possiblo  manner,  can  only 
bo  safely  croewd  at  the  rate  df  about  three  or  four  miles  an  hour. 
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different  End  much  more  sfttJBfactorj-  construdioii.  hy  shoiriDg  Uiat  11 
tubeB  miehl  he  made  Belf-snpportiiiB.  and  moeh  stronRier,  more  rigid,  and  la 
expensive  than  could  liave  been  Becuied  bj-  the  ejnploymeiil  of  any  othi 
anxiliarj-  support.  The  following  gcnertl  dedoctiona  from  the  esperinwtt 
will  be  instructive: — 

Comparative  Weighti  and  Strent/I}-*  of  CylindrUal  Taie*. 
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9-1 

17 

24     0 

iT.eoo  1       1 :  as 

lA 

fl 

Mi 

23 

18     6 

267 

8,812    ,           1  :  33 

i: 

BO 

59 

19     0 

1500 

22,  IBS               1  :  80 

lS-4     1     7  7S 

Now,  it  may  be  ahown  that  the  mlio  of  the  weiRht  of  a  tube  to  its  bre* 
ing-weight,  varies  directly  bb  the  depth  of  the  tube  n  hen  its  length  is  ccDBtsiil 
in  order,  therefore,  to  aBcertain  the  oomparatiTe  strengths  of  these  tube*,  i 
shall  reduce  some  of  the  best  of  each  sort  to  the  siime  depth. 
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Thus,  Nos.  4, 20,  and  17,  have  nearly  the  same  length ;  hence,  by  reduc- 
ing them  to  the  same  depth,  we  find  their  relative  strengths  to  be  as 
follow : — 

No.  4, 10-5  ;     No.  20,  HI ;     No.  17,  UQ. 
Taking  Nos.  1,  24,  and  15a,  we  find 

No.  1,  24-4 ;     No.  24.  206  ;     No.  15a,  291. 
Again,  for  Nos.  22  and  29,  we  find 

No.  22,  240 ;     No.  29,  32-4. 

Hence  it  appears  that  the  rectangular  tubes  arc  the  best,  and  that  the 
elliptical  ones  are  next  in  order. 

It  is  desirable  that  we  should  have  some  formula,  which  wiU  enable  ns 
to  estimate  the  comparative  strength  of  these  tubes,  whatever  may  be  their 
form  or  relative  dimensions.  For  this  purpose  it  may  be  shown  that  the 
following  formula  is  approximately  true  for  all  tubular  girders, — viz. 


(I.) 


where  W  =  the  breaking-load,  A  the  area  of  the  whole  cross  section  of 
the  tube  in  square  inches,  d  =:  the  depth  of  the  tube,  I  =  the  distance 
between  the  supports,  and  C  =  a  constant,  which  must  be  determined  by 
experiment  for  the  particular  form  of  the  tube.  Moreover,  the  value  of  G 
determined  for  different  forms  of  tubes,  will  enable  ns  to  ascertain  their  com- 
parative strength.    From  the  above  relation  we  have 


^—  Ad 


(20 


Thus,  to  find  the  yalue  of  this  constant  for  Experiment  29,  we  have 

_      22470  +  J(600)       ,^,,„, 

/  =  19  X  12,  <i  =  15-4,  and  A  =  7'048  square  inches ; 


C  = 


10142  X  19  X  12 


=  21*3  tons. 


7048  X  16* 
Proceeding  after  this  manner,  the  following  tables  have  been  calculated. 

CoMPAiUTrvx  Strengths  of  Tubes,  indicated  bt  the  Value  of  C. 

Cylindrical  Tubes, 


Ko.of 

Breaking-weight 

Area  section,  or 

Value  of  the 

Exp. 

in  tons,  orW. 
1-38 

value  of  A. 

constant  C  in  tons 

1 

1-5612 

14-8 

2 

1-28 

1*3948 

160 

8 

619 

61032 

16-4 

4 

293 

3-3386 

13-6 

5 

2-98 

3  6048 

13-3 

6 

6*48 

6-7970 

14-7 

7 

4-13 

71928 

9-9 

8 

6-66 

•  • 

9-9 

9 

608 

7-4606 

106 

469 
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ElUpHcal  Tubes. 


No.  of 
Exp. 

Breaking-'woii^bt  Area  section,  or 
in  tons,  orW.         Tslue  of  A. 

Yalneofthe 
coDituitCintons 

20 
21 
22 
24 

7-78 
3-81 
312 
6-49 

7-1824 
8-3300 
8-8720 
70010 

14-4 
11-9 
171 

17-8 

Bcctangvlar  Tvhes. 


No.  of 

Breaking-"irn>lit 

Area  section,  or 

Value  of  the 

Exp. 

in  tons,  or  "W. 

Tshio  of  A. 

constant  C  in  tons 

14 

1-71 

8-20 

11-7 

14/r 

8-73 

6-32 

16-8 

16 

1-74 

404 

9-6 

15(t 

8-24 

4-04 

17-8 

17 

808 

800 

19-8 

26 

605 

2-90 

28-6 

29 

10-13 

705 

21-8 

80 

5-88 

6-76 

161 

31 

8-05 

673 

161 

33 

37-95 

41-82 

161 

35 

68-78 

45-82 

21-1 

36 

68-66 

60-82 

226 

41 

89-15 

65-47 

26-7             i 

In  tlie  rectangular  tubes,  Nos.  14a,  16a,  17,  25,  29,  35,  86,  and  41, 8|^ 
to  have  had,  nearly,  a  proper  distribution  of  the  material ;  the  mean  vahe  • 
C  estimated  from  tlicse  is  21-5  tons,  "W'hich  is  considerably  greater  than  ti 

value  of  C  deduced  for  any  of  tlie  cylindrical  or  ellipiical  tubes. 

Mean  value  of  C. 

For  the  cylindrical  tubes 1303  tons. 

For  the  elliptical  tubes 15*8  tons. 

For  the  rectangular  tubes 21-5  tons. 

Hence  we  infer  that  tlie  rectangular  form  of  tubes  is  considerably  stioiigt 
than  either  the  cylindrical  or  elliptical  form. 

From  the  formula  eq.  (1.)  we  may  deduce  another  formula,  containing,! 
one  expression,  the  essential  data  of  the  problem.  It  will  not  be  nccessaJ 
to  give  here  the  steps  of  the  investigation :  the  result  •^ill  be  sufficient 

Li  =  (Jy{L-^^i^)tonfl.    .    .    .(3.) 

which  expresses  the  breaking-load  I>, ,  of  a  tube  7j  feet  long,  and  in  all  rcspec 
similar  to  an  experimental  tube,  whose  length  is  I  feet,  weight  2w  tons,  ai 
brealdng-load  L  tons.    This  formula  is  convenient  for  calculation. 

Strength  of  the  Comcay  Tvhe. — Experiments  41  and  42. — In  the  modi 

6*8 
tube,  Experiment  41,  Z  =  75,  L  =  86-25  tons,  w  =  -y  =  29  tons.  I 

Experiment  42,  Z,  =  400 ;  hence  we  have  by  eq.  (8.), 
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L.=  (f)' {86-25- 


40Q  ~  75 
75 


X  2-9 


) 


=  2096  tons,  which  is  tho  breaking-load  of  the  tube ;  and  hence  the  breaking- 

sreight,  Wi  =  2096  +  -j-  =  2746  tons,  1300  lbs.  being  the  computed  weight 

>f  the  Conway  tube. 

Again,  adopting  formula  (1.),  w6  have, 

A  =  1530,  d  =z  25-5,  /  =  400,  and  C  =  26*8 ; 

.-.  W  =  4JC  ^  l£30X^^X26:«  =  26U  ton.. 

ivhich  nearly  coincides  with  the  former  result. 

Deflections  of  the  Gonicay  Tahe. — ^In  order  to  discover  the  law  of  tho 
ieflections  in  tubular  beams,  we  shall  first  consider  the  results  of  Experiment 
LI.  Adding  }ths  of  the  weight  of  the  tube  to  the  numbers  in  the  column  of 
Eveights  in  tho  table  of  results,  we  have — 


No.  of 
Kxp. 

Deflecting 
weight  in  tons. 

Deflections 
in  inches. 

4 

70,411 

1-48 

8 
12 
16 
20 

122,797 
156,580 
172,878 
185,225 

2-70 
3-58 
3*98 
4-47 

24 

197,307 

4-81 

Here  we  find  the  approximate  relation  of  the  deflections  and  deflecting 
Weights  to  be  expressed  by  the  equality 

43000 
That  is,  the  deflection  in  inches  is,  ai>proximately,  the  43,000th  part  of 
the  deflecting  weight  expressed  in  lbs.     This  relation  is  more  accurately 

expressed  by  the  equality 

W 

38000 
Making  a  similar  reduction  of  tlie  table  of  results,  Experiment  42,  on 
the  Conway  tube  itself,  we  have,  regarding  the  weights  as  laid  over  the 
centre  of  the  tube — 


No.  of 
Exp. 


Deflecting 
weight  in  lus. 


1 
2 
3 
4 
5 


812 

907 

966 

1013 

1113 


Deflections 
in  inches. 


7*91 

902 

9-50 

10-50 

10-95 


Here  tbe  deflections  are  pretty  nearly  the  lOlst  part  of  the  deflecting 
weights  es^reeaed  in  tons.  Taking  the  breaking-weight  just  determined  to 
be  3600  tosB,  we  have  the  ultimate  deflection  of  the  tube  =  rh*  of  3600  = 
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U3-7  inches.    Now,  in  order  to  test  the  accur&Cf  of  these  ealcnlatioiu,  vt 
have  for  suuilar  tubes  the  foUoTring  relation  : — 


that  is,  in  the  present  case  ttbY  ^  75"'  ^erefore  S^  ZS'S  inches,  wheia&e 
sama  result  is  obtained  by  two  processes  petfbetly  independent  of  eieli 

Tnbulax  Bxidgea. — The  ei^riments  to  which  we  have  joat  refemd, 


Ffg.m. 

proved  that  a  tube  might  he  made  of  anScient  atrangth  to  caxij  the  heaneil 
trains  over  rivers  or  arms  of  the  ^ 
aea,  such  as  the  Menai  Straits, 
and  the  result  was  the  erectiou  of 
the  Conwaj-aiid  Britaimia  Bridges, 
and  tlie  introduction  of  n  now  ayatcm 
of  cohb  true  (ion. 

To  show  the  manner  in  which 
the  material  is  disposed  in  these 
bridges,  we  select  the  Britamiia 
Bridge,  of  which  Fig.  00  ia  on  ele- 
vation, and  Fig.  07  a  transverse 
section  through  the  centre  of  the 
tube. 

The  Britannia  Bridge  consista 
of  two  w^o^gh^iron  tubes,  through 
which  tJie  train  passes.  The  cross 
section.  Fig.  07,  iviU  show  the  pe- 
cuhar  arrangement  adopted  to  give 
the  required  strength  to  the  top  and 
bottom  of  the  tubes  to  resist  the 
forces  of  tensiou  and  compression 
acting  at  those  parts.  It  will  be  seen 
that  the  top  is  constructed  with  eight 
cells,  strengthened  at  the  corners 
with  angle  irons;  tlius  securing  a 
large  sectional  srea.  The  bottom 
s  constructed  in  a  similar  manner  ' 
with  six  cells;  whilst,  to  give 
rigiditjr  to  the  sides,  and  to  Boenre 
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the  connection  of  the  joints  between  the  vertical  plates  of  which  they  are 
composed,  1"  iron  is  riveted  over  every  joint,  both  outside  and  inside,  and 
is  carried  on  some  distance  along  the  top  and  bottom,  inside.  The  comers 
are  also  strengthened  by  angle  plates  or  gussets,  as  shown  at  a  a  a  a. 

The  following  table,  giving  the  dimensions  of  both  bridges,  will  be  of 
interest : — 


Britannia. 

Conway. 

Total  length  of  each  tube       

Total  length  of  tube  for  both  Unes  of  railway     . 

Greatest  span  in  the  clear 

Height  of  tubes  at  the  middle 

Height  of  tubes  at  intermediate  piers  .... 

Height  of  tubes  at  ends 

Extreme  width  of  tubes 

Number  of  rivets  in  one  tube 

Number  of  rivets  in  the  whole  bridge       .     .     . 

1624  ft. 

3048  „ 

460  „ 

30  „ 

27  „ 

23  „ 

14  „  8  ins. 

882,000 
1,764,000 

424  ft. 
848  „ 
400  „ 
25  „  6  ins. 

•  ■  •  • 

22  „  6   „ 

H  .,  8   „ 

240,000 

480,000 

The  Britannia  Bridge  is  divided  into  four  spans,  the  two  principal  ex- 
tending from  the  pito  on  the  Britannia  Hock  to  the  piers  on  either  side  of  the 
Straits,  each  being  460  feet  in  the  clear;  and  the  spans  extending  from 
these  smaller  piers  to  the  embankments,  being  each  230  feet  in  the  clear. 
The  bearing  on  the  centre  pier  is  forty- five  feet ;  on  each  side  of  the  inter- 
mediate piers,  thirty-two  feet ;  and  on  the  abutments,  seventeen  feet  six  inches. 
In  both  bridges  the  tops  have  the  form  of  a  parabolic  curve.  The  total  weight 
of  the  Britannia  Bridge  is  computed  to  be  10,570  tons,  and  of  the  Conway 
Bridge  2,892  tons.  The  success  of  these  gigantic  structures  called  the 
attention  of  all  engaged  in  engineering  operations  to  the  immense  value  of 
wrooght-iron  as  a  material  of  construction.  The  uniform  strength,  the 
ftcility  with  which  it  can  be  rolled  into  the  various  forms  of  plate,  angle, 
and  *p  iron,  and  the  admirable  manner  in  wliich  it  can  bo  joined  by  riveting, 
peculiarly  fit  it  for  such  structures  as  road  and  railway  bridges. 

TuVulaz  Oixdex  Bridges. — ^Where  the  span  is  not  very  large,  it  was 
ibnDd  advisable  not  to  have  a  large  tube  through  which  the  train  might  pass, 
bat  to  have  two  or  three  smaller  tubes,  or  tubular  girders  as  tliey  are  called, 
with  cross-beams  between  them,  over  which  the  roadway  is  laid.  This 
description  of  bridge  was  first  introduced  by  Mr.  Fairbaim ;  and,  like  the 
tabular  bridges,  was  founded  upon  the  experiments  made  to  determine  the 
strengths  and  forms  of  the  Britannia  and  Conway  Bridges. 


Fig.  68. 


The  annexed  elevation  of  the  Gktinsborough  Bridge  (Fig.  68)  will  give  some 
of  the  form  of  tabular  girder  bridges.    Its  total  length  is  332  feet,  the 
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akt  an  angle  of  skew  of  dO°.  In  all  bodies  submitted  to  a  transverse  strain, 
fc>e  they  solid  or  hollow,  those  parts  above  the  neutral  axis  are  subjected  to 
at  force  of  compression,  while  those  below  having  to  support  a  tensile  strain 
or  force  tending  to  tear  them  asunder,  ai'o  exposed  to  compression;  bat 
Uie  parts  about  the  neutral  axis  are  almost  free  from  strain.  Hence 
it  is  that  in  tbese  structures  the  great  bulk  of  the  material  is  collected 
dose  to  the  top  and  bottom,  wliilo  only  sufficiout  is  left  in  the  middle 
to  connect  the  two  rigidly  together.  To  accomplish  this,  and  to  attain 
a  maximum  power  of  resistance  to  compression  with  the  minimum  of 
material,  the  cellular  principle  was  adopted  in  the  Britannia  and  Conway 
Bridges ;  and  it  has  also  been  appHed  to  the  equally  important  but  less  im- 
posing structure  of  the  bridge  at  Gainsborough. 

It  may  be  interesting  to  add  one  more  example  of  a  tubular  girder 
bridge,  and  we  select  that  across  the  lliver  Suir,  on  the  Waterford  and 
Limerick  Railway.  This  bridge  has  been  erected  some  years,  and  may  serve 
fts  a  correct  example  of  this  description  of  bridge,  though  some  upon  a  much 
I  larger  scale  are  now  in  process  of  erection.  One  of  these  for  the  Victoria 
Railway,  Australia,  is  to  cross  the  Salt  Biver,  with  a  span  of  200  feet.  Two 
others  are  to  carry  the  Aberdeen  and  Inverness  Hallway  across  the  rivers 
Spey  and  Findliom ;  the  former  bridge  having  a  span  of  230,  and  the  latter 
^  ^        three  spans  of  1 50  feet  each. 

Fig.  69  is  a  plan,  and  Fig.  70  an  elevation  of  the 
tubular  girder  bridge  erected  by  Messrs.  Fairbaim  and 
Sons,  to  carry  the  Waterford  and  Limerick  Eailway  across 
the  Suir  at  Cahir.  The  bridge  consists  of  two  abutments 
and  two  piers,  over  which  two  tubular  girders  are  ex- 
tended for  the  support  of  the  roadway.  The  clear  span 
between  the  abutments  and  the  piers  is  50  feet,  and 
between  the  two  piers  150  feet.  The  bearing  surface  on 
the  piers  is  1 0  feet,  and  on  the  abutments  5  feet. 

It  will  be  observed  that  the  bridge  is  what  is  techni- 
cally called  a  skew  bridge — that  is,  it  crosses  the  river 
obliquely ;  and  hence  the  girders  are  not  placed  exactly 
opposite  one  another.  This,  although  it  very  much  in- 
creases the  span  to  be  crossed,  is  frequently  necessary 
with  railway  structures,  to  avoid  the  evil  of  short  curves 
in  the  line  of  the  rails.  The  angle  of  skew  in  this  bridge 
is  63";  or,  in  other  words,  the  direction  of  the  bridge 

crosses  the  direction  of  the  river  at  an 


angle  of  63"  instead  of  90%  as  would  be 
the  case  if  placed  square  across. 

The  Piert  consist  of  a  large  massive 
foundation  of  masonry,  sixty  feet  long 
by  thirteen  wide,  formed  in  the  shape 
of  a  cut-water  at  either  end,  and  rising  up  with  a  slight  batter ;  at  a  height 
of  alx>iit  ten  feet,  two  hexagonal  piers  rise  from  each  of  these^  tlio  side  of  th^ 


Fig.  71. 
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Tht  Top  is  divided  into  two  compaitnicntB  or  cells,  by  top  and  bottom 
plates  AA  and  BB,  and  tliree  Terticnl  plates  \'V  (Fig.  71).  The  A  and  B 
plates  are  B  feet  long  by  1  foot  8  incLes  broad,  sio  that  tivo  placed  eide  by  side 
make  the  vidth  of  the  girder.  They  are  A  inth  tliick  at  tlie  centre,  and 
decrease  in  thickness,  ao  that  towards  the  ends  tliey  arc  only  i^  iiicli  tkick. 
These  plates  arc  placed  wiOi  tlieir  ends  abutting  against  each  other,  and  with 
Oie  joint  on  one  side  opposito  the  middle  of  the  plate  on  tlie  other  (Fig. 
T3/.  All  the  joints  arc  eecureil  by  covering;  plates  both  outside  and  inside, 
caiefiilly  riTcted  with  }  inch  rivela  placed  nt  distances  of  tlireo  inches  apart. 
Tha  Ttrtical  plates  are  connected  with  tlie  A  and  B  plates  by  angle  irons 
running  the  whole  lengthof  the  girder,  and  riveted  at  distances  of  three  inches 
throughoat  tiieir  length.  Tlie  V  plates  are  eight  feet  long,  ono  foot  two 
inches  vide,  A  inch  thick  in  the  middle,  diminishing  to  A  at  the  ends  of  the 
girders.  The  angle-irons  also  vaiy  from  8  X  3  X  A  to  3  X  3  >C  A.  These 
ai^e-irons  very  mnch  increase  the  area  of  tlio  top,  and  give  groat  ligidity  and 
power  of  resistance  to  compression. 

Over  the  shorter  spans  the  centre  vortical  plate  is  removed,  bo  that  there 
is  only  one  cell,  the  strength  not  being  required  to  be  so  great  there  as  over 
the  large  span 
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which  it  is  subjected.  The  C  plntcs  which  compoec  it  arc  rolled  to  the  extra 
Iraigth  of  twelve  feet,  in  order  tliat  tliere  may  he  ns  few  joints  as  possible,  and 
Ow  bottom  resemble  one  long  unbroken  sheet.  The  plates  arc  each  1  foot  0 
Inches  wide,  and  iS  inch  thick  at  the  middle,  dimiiiiKLing  tu  A  at  the  ends. 
The  longitudinal  joint  is  covered  by  L  plates  Vi  feet  by  T  inches,  and 
diminisliing  in  tliickneaa  in  the  same  ratio  as  tlie  C  plates.  The  cross  jointe, 
which  are  inado  to  alternate,  arc  secured  by  covcriug-platcB  above  and  below, 
Mch  2  feet  8  inches  by  1  foot  a^  inches.  The  position  of  the  covering  plates 
Bid  L  plates  is  shown  in  Fig.  7J. 

The  riveting  of  tliia  part  requires  tlio  greatest  care,  as  othervise  tlie 
JaintB  would  materially  reduce  the  strengtli  of  Die  bridge  ;  the  riveta  are  all 
one  inch  in  diameter,  and  are  placed  nt  diKtoncea  of  four  inches  apart.  Every 
covering-plate  has  twenty-four  rivets,  or  twelve  on  each  side  of  the  joint,  to 
ensure  tho  connection  of  the  parts.  Tbo  tendency  of  the  strain  on  tlie  lower 
aide  of  the  tubes  is  to  separate  or  open  tho  joints,  and  on  the  upper  side  to 
force  them  closer  together.  It  folloiva,  tlierefiiro,  that  in  the  one  case  the 
plates  should  be  mo^t  £rmly  bound  togedier  loogituilinally ;  and  in  the  other, 
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the  ends  should  be  butud  against  each  other,  and  onl;  Bach  ft  covering 

should  be  iutroJnccd  as  irould  prevent  these  ends  buckling  tip  and  8 

post  one  another.     The  srsttm  of  nnitiiig  the  plates  mt  the  bottom  of 

brides  has  bcc-D  called  i-hniii-rintiHg.  fiom  the  &ct  of  the  rivets  being  | 

c  behind  the  ulber,  in  iLo  line  of  the  length  of  the  plates,  giving  the 

appearance  of  a  chain.    The  loss  of  the  tensile  strength  of  anj  plate 

cned  by  thi'  perforation  of  rirct-lioles,  is  in  exact  proportioD  to  the  tran 

sectional  area  punched  out:  and  the  sa\'ing  of  strength  gained  bj  the 

duclion  of  chain-rircting  nill  be  appreciated  nhen  it  is  stated,  that  tlie ; 

are  only  n-eakcned  by  three  holes  acroEs  each  plate,  instcAd  of  six  or- 

which  would  liave  lieen  requisite  liad  the  old  pinn  hoen  followed. 

!  Thf  fi'let  ot  ihe  piiQT  aie  composed  of  large  plates  10  feet  1}  inches 

I    by  3  ftt-t  bi»ad ;  tlicse  arc  A  inch  thick  in  the  jniddle  of  tlic  spans 

'   -A  inch  thick  over  the  piers,  in  consequence  of  the  strains  npon  them 

;nvnter  at  these  parts.    Their  joints  are  covered  on  the  onlside  hy : 

4i  iiieh  X  A  incli.  and  on  the  ulterior  by  "f  irons  4i  X  aj  X  A.   The 

irons  give  considerable  rigidity  to  the  tube,  sjid  are  connected  vdlh  tlie 

by  j-inch  rivets  placed  at  distances  of  three  inches  apart.     Over  the 


■   and  abutments  the  outside  covering  plates  Eire  replaced  by  "]"  irons.    R 
is  an  elevation  of  the  outside  of  the  girdtir,  shoniug  the  S  and  V  plates, 
I   the  covering- strips,  Ac. 


CONBTRrCTIOS    O?   T 


Aboat  the  middle  of  the  tnlic  the  ^raall  plates  O,  Fig.  71 , 
the  opposite  f  ironB  on  the  interior  of  the  tube.  These  sei 
gilder  in  fonn,  and  prevent  the  sides  bulging  either  ivny. 

n«  Croithtamt. — To  Bnpport  tlio  roadway,  a  BCrica  of 
wrooght-iron  cross-beamB  are  stretched  from  one  girder  to  tlie 
other,  and  over  those  ta  placed  the  longitudinal  planUng 
which  anpporta  the  roadn-ay.  These  croBsbenins  (sectioD, 
Hg.  7B)  are  composed  of  a  vertical  plate,  X  (Fig.  71)  1  foot 
S  inches  deep  and  A  inch  thiclt,  with  two  angle  irons  at  the 
lop  and  at  the  bottom,  over  which  a  plate  is  riveted,  so  as  to 
form  abeam  of  the  form  shown  in  Fig.  IT  (page  411).  The 
plate  at  the  top  of  these  cross-beams  is  0  inches  wide  and 
A  thick;  that  at  the  bottom  9  inches  wide  and  A  thick.  Two  pieces  of  anglo- 
iron  are  fixed  at  each  end,  by  nhich  they  tire  riveted  to  the  sido  of  the  girder, 
m  as  to  rest  on  the  ledge  formed  by  the  bottom  angle-iron.  These  cross- bconis 
ire  placed  at  distances  of  three  feet  npnrt. 

Opposite  tlic  point  where  the  croaa  beams  aro  riveted  to  the  aide  of  the 
prder,  the  plates  marked  E  (Fig.  71)  are  introduced  (being  riveted  to  the 
qppoaite  X  ircn=i.  in  order  to  tlirow  Uio  slniin  ovrr  tin;  cciitro  of  the  girder. 


}  riveted  to 
to  keep  the 


I: 


■f  "  f 


■sd  prevent  the  load  of  the  cross-beams  pulling  the  'prder  out  of  the  perpon- 
licnlar.  Fig.  73  exhibits  tlio  arrangement  of  the  ctoBS-benius  close  to  the 
tbotments,  with  a  horizontal  section  of  the  girder. 

One  otbcr  provision  remains  to  be  noticed.  A  moment's  consideration 
will  show  that  even  ordinary  changes 
of  tomperaturo  will  produce  a  porcei>- 
tible  cxpBDsioQ  in  so  large  a  mass  of 
metal.  It  is  computed  that  ordinaiy 
cL[in;::cs  of  temperature  may  produce  a 
diil'erence  of  length  of  as  much  as  six 
inelii'B  in  each  of  tlie  Britannia  tulios  ; 
and  were  not  tliis  provided  agauist 
it  wonkl  introduce  a  dangerous  strain. 
In  tho  present  bridge  the  girders  are 
filed  at  the  piers  Kit,  \fVi  (Fig.  CD), 


m  cast-tr 


d-plates,  tho  expansion  between  those  points  not  being  a 


■u^ 
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cient  to  render  this  arraagenaent  dongenmit ;  bnt  on  the  other  tiro  {lUra  tben 
is  an  spparabu  of  roUerti,  which  Allows  free  motioo  backvards  or  fenruds. 

Fi^.  '',  T^.  and  Ti^eliow  Uua  apparatus  sa  anuigiHl  orer  thepeisY!. 
Ten  wTougitt-iron  rollers  are  (ix«d  in  a  frame  whieli  r«Bta  cm  •  c*«-4i\>d  M   i 
T  thrm  llip-e  is  acothcr  ntit-iroQ  piahi  h,  u[vm  trt'-.'h  1}^  cir'-r 


Testa ;  Uic  Tollera  are  Ibur  inches  in  diiuiieUr.  nad  are  pliiced  at  ei);ht  is 
opart.  For  the  abutmenLi  thia  apparatuti  is  made  nith  oaly  Hve  roDera. 
I^CCH  of  bard  irood  are  inaerted  between  the  girder  and  the  npper  bed-plu& 
T'lhU  ilioiriiig  the  Proportuiiu  of  Tubular  Girder  Briifgft,/n)m  30 
to  150 /«[  tpan: — 


Centre  breok- 

SecliooflJ  arra 

Soeticinal  area 

Depth  of  the  1 

Si« 

n. 

ofboUQinof 

or  lop  of  ono 

Bir.ler. 

t1>e  mirlJle.     1 

1^ 

n.    1=^      1 

IHO 

H-63 

17-oa 

2        4 

S3 

0 

210 

17-00 

15-91 

2      S 

40 

0 

240 

IBM 

aa-7i 

0 

270 

21-94 

23-69 

SO 

n 

SOO 

24-38 

28-44 

SS 

n 

330 

2G-gl 

31 -as 

4       3 

U 

n 

MO 

29-2J; 

34  13 

4       7 

61 

0 

390 

31-69 

36-97 

5      0 

JO 

0 

420 

3413 

39-81 

u       S 

7S 

4fi0 

30-56 

42-67 

6       9 

Bfl 

0 

4«n 

3B0O 

45-50 

G        2 

M 

£10 

41-44 

4R'3t 

00 

0 

MO 

43-88 

61-19 

0 

670 

4C-31 

64  03 

0 

AOO 

4S--5 

0 

flflO 

fi3  03 

HO 

n 

790 

fiS.M 

130 

0 

G3'3S 

140 

(1 

68-25 

ISO 

0 

900 

73-13 

8531 

n     6 
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Table  shaving  the  Proportions  of  Tubular  Girder  Bridges ^  from  160 

to  ZOO  feet  span:— 


Centre  break- 

Sectional  area 

Sectional  area 

Depth  of  the 

Span. 

ing-weigbt 
of  bridge. 

of  bottom  of 

of  top  of  one 

girder  in 

one  girder. 

girder. 

tbo  middle. 

Ft.  Int. 

Tons. 

Inches. 

Inches. 

Ft.    Ins. 

160    0 

960 

9000 

105-00 

10       8 

170    0 

1020 

95-63 

111-56 

11       4 

180    0 

1080 

101-25 

11813 

12      0 

190    0 

1140 

106-88 

124-69 

12      8 

200    0 

1200 

112-50 

131-25 

13      4 

210    0 

1260 

11813 

137-81 

14       0 

220    0 

1320 

123-75 

144-38 

14      8 

230    0 

1380 

129-38 

150-94 

15      4 

240     0 

1440 

135-00 

157-50 

16      0 

250    0 

1500 

140-63 

16406 

16      8 

260    0 

1560 

146-25 

170-03 

17      4 

270    0 

1620 

151-88 

177-19 

18      0 

280    0 

1680 

157-50 

183-75 

18      8 

290    0 

1740 

16313 

190-31 

19      4 

300    0 

1800 

168-75 

196-88 

20      0 

The  strength  of  the  bridge  over  the  Soir  is  computed  as  follows 

The  Large  Span. 
Sectional  Area  of  the  Top, 


2plate836XA     .     .    .     . 

3     do.  14  X  A     ...    . 

2  longitudinal  plates  7  X  ^ 

10  angle-irona  3  X  3  X  i^     . 


sq.  ins. 
81-50 
18-38 
6-13 
26-25 

82-26 
Sectional  Area  of  the  Bottom, 

2  plates  36  X  H =    5400 

2  longitudinal  plates  7  X  ii     .    =     1050 
2  angle-irons  3  X  3  X  ii    .    .    =      900 


73-50 


Therefore  by  formub,  "W  = 


(idC 


73-5  X  138  X  80 
1800 


Tons. 


r=    450-8  =  centre  breaking-weight  of  one  main  girder. 

1 803*2  =  breaking  weight  of  large  span,  load  equalljdistribtited. 
12*21  =  ditto  per  lineal  foot. 

Similarlj  we  find  for  the  small  spans : — 

sq.  ins. 
Sectional  area  of  the  top     .    =    51*25 
„  „  bottom   .    =    38*63 

^^^^  ^60^  ^  ^  =  ^^^^^^  =  ^^^  breaking-weight  of  one  main  giidw. 

2254-36  rrbreaking-weigbt  of  small  span,  load  equaUjdistiibnted. 
45-11  =  ditto  per  lineal  foot 


i 
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The  above  maf  serve  as  an  example  of  the  mumar  in  which  the  rtm 

of  all  liridgeB  of  this  class  is  calculated,  and  the  fozmnla  W  ^  -j-  nsv 
regarded  as  snfficicntl;  accurate  fur  all  practical  pnrpoMB.  We  maj  oh« 
in  explanation,  that  W  is  the  treight  which,  placed  upon  the  centre  bct« 
the  anpporls,  would  break  the  girder.  Twice  thia,  or  2W,  is,  therefore, 
weight  which  placed  in  the  centre  would  break  both  girders ;  and  4V 
weight  which  would  break  both  girders,  if  it  were  distributed  umformly  t 
their  whole  surface :  4W  divided  by  tlio  span  in  feet  gives  the  atrength  of 
bridge  per  lineal  foot.  Further,  the  formula  only  applies  to  girders  in  icl 
the  area  of  the  top  bears  a  pro 
tion  of  at  least  l:i  :  11  to  the  tit 
tlie  bottom. 

Plata  Sxidgea. — For  small  s[ 
not  exceodiog  sixtj  or  acven^  I 
the  tubular  arrangement  is  trvpt 
laid  aside,  and  tlie  girder constnii 
in  tlio  form  of  a  aimplo  beam. 
have  already  alluded  to  this  pi 
and  have  ouly  to  add  an  esamp! 
tlio  manner  in  which  plate  be. 
are  applied  to  bridges. 

The  great  cause  nflectiiig  the  i 
hility  of  iron  bridyca  is  oiiilnl 
arising  from  a  damp  atmosplii 
and  if  precautiong  were  not  lal 
there  IS  reason  to  believe  that 
would  bo  productive  of  disastj 
results  To  ohvinto  this  dw 
tubular  and  tubular  girder  brides 
desired,  GO  til  at  access  itioj 
gamed  to  ever*-  port  for  the  pur) 
of  painting.  Tiius,  for  instance, 
cells  of  the  Britannia  Bridfie 
of  the  Snir  Bridge  are  sulfide 
Inigf  to  admit  a  man  or  alHDv. 
in  bndges  of  small  span  Ibis  cai 
alwavs  bo  provided  for ;  and  hi 
tlic  Btipcriorily  nf  a  plate  gii 
Simphcity  of  construction  and  ch 
w^B  are  also  great  advantages  of 
form  wliich  more  than  compen 
for  some  loss  of  strength. 
an  elevation  and  Fig  hi  b.  cross  section  of  one  girder  of  ap 
bridge  of  i'lO  feet  span.  It  cousista  of  two  girders,  each  .'iT  feet  long  and  J 
0  inches  deep.    The  plates  forming  tlie  top  are  0  feet  long  by  I  foot  0  inc 
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wide,  and  H  tbick  in  the  middle  of  the  apui.  The  jointa  are  covered  with 
etripa  1  foot  n  inehos  hy  0  inches,  by  A  inch  thick. 
Tlie  bottom  is  composed  of  pUtes  1 2  feet  hj  1  foot  6 
inches,  carefiiltj  chain^riTeted ;  the  eides  c^  pUtes  3 
'  feet  4^^  inches,  and  A  '"nb  thick  Bt  the  centre 
of  the  span,  and  iV  thick  «t  the  sbntmenta.  The  ver- 
tical aide  pklea  are  connected  with  the  top  and  bottom 
platca  by  angle  irons  1  X  4  X  if.  To  give  the  girder 
BufBcient  rigidity  to  provent  lateral  flexure,  eTery  third 
covering  strip  connecting  the  vertical  side  plates  is 
replaced  by  a  tliicli  ~p  iron,  composed  of  two  angle 
(each  6  inches  X  Sinches  X^V  u^c^  thick)  riveted 
back  to  back. 

The  roadway  is  supported 
on  crosa-beama  riveted  to  the 
aide  plates,  and  placed  at  dia- 
tancee  of  3  feet  i^art  The 
weight  of  iron  in  the  bridge  is 
abont  m  tone. 

As  these  are  not  so  strong 
as  the  tubular  girders,  the  con- 
••" —  stent  C  in  the  formula, 

i 
!■  taken  =  7S  instead  of  BO  as  before.    Hence  in  this  bridge, 

SaetkcMlaTeaof  top ^=    ZS'7fiO  inchu. 

„  „      bottom =.    22-37fi      „ 

Centre  hraeKng-wBight,  or  W  =    ?l?Z5^5*>iI*  =  lSl  torn. 
Bretking-weight  of  epta,  load  equally  dii- 

tributed =804  tons. 

So.  per  lineal  foot =    12-09tona. 

Figs'.  B2  and  93  show  two  modificationa  of  the  tubular  and  plate  girder 
which  have  been  adopted  by  some  enginears ;  but  though  of  a  form  admirably 
adapted  for  aecoiing  the  greatest  strength  with  a  given  weight  of  material, 
they  are  of  a  more  complex  form,  rather  more  expensive,  and  liable  to 
eorroaion. 

In  tiiese  Tery  Important  conatmctions  we  might  give  a  greatly  increased 
nnmber  of  examples,  both  as  regards  form  and  the  objects  to  which  they  are 
allied ;  bnt  within  onr  cironmaciibed  limits  thia  cannot  be  accomphsbed,  and 
we  are,  therefore,  reluctantly  compelled  to  forego  any  further  description  of 
entirely  new  developments,  which  have  enabled  the  engineers  of  the  present 
day  to  aeoompliah  what  was  only  a  few  years  sinoe  oonsidered  a  perfectly 
TTlopian  jffcjeot.  Now,  wide  rivers,  deep  ravines,  and  volleys,  are  bridged 
over  with  ai^idtmyieldiagatniotaiesof  several  hundred  feet  span,  sopporting 

UUFUL  HITALI.  "X^ 
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rolling  loads  of  sefeml  hundred  tana  in  woight  &t  UTelod^cuisidenU; 
beyond  ihat  of  the  bounding  deer  or  tlie  fleetest  race  borse. 

Other  coDBtmctioiis,  Buch  as  Hlb  Lattice  and  Warner  Bridges,  vo  emu 
touch  upon.  Bud  must  tbcrefaie  cooclude  b;  sajiug  Uist  lb«j  ha,Tt  Ita 


tlB  tt'  Fig  Si. 

greatlf  unproTcd  since  tlie  mtroductiou  of  the  tubul&r  and  tnbnlu:  ^ 
bridgCB ;  in  fact,  they  lire  neither  more  nor  less  than  tbe  tubiilu  gM 
with  lattice  or  open  Bides,  and  the  lop  and  bottom  proportioned  on  the  NB 
principle,  aa  deduced  from  the  experimenta  and  aa  given  in  the  foimilifi 
that  principle  of  conBtniction,  caie  being  taken  to  reduce  the  cauttutt 
the  lattice  bridge  from  60  to  75. 
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CHAPTER  XXnii 

ON  THB  APPLICATION  OF  IKON  TO  8HIP-BUILDINO. 

E^EBE  is  probably  no  branch  of  indostrj  in  which  the  nse  of  iron  is  more 
mportant  than  that  of  shipbuilding.  The  strength,  ductility,  and  compara- 
Ive  lightness  of  this  material  are  all  in  its  favour ;  and,  although  much  has 
»een  done  in  the  application  of  iron  to  this  important  purpose,  a  great  deal 
Qore  remains  to  be  accomplished. 

Vessels  composed  of  iron  plates  have  been  employed  for  more  than  fifty 
'ears  in  the  navigation  of  canals ;  but  it  is  not  more  than  twenty-five  t>r 
vrenty-six  since  they  were  first  introduced  as  sea-going  vessels.  It  is  true 
hat  the  late  Mr.  Aaron  Manby  projected  an  iron  vessel  in  1820,  which  was 
»iiilt  in  the  ensuing  year,  and  early  in  1822  waa  navigated  by  Captain  (now 
Ldmiral  Sir  Charles)  Napier  from  London  to  Havre,  and  on  to  Paris ;  this, 
Lowever,  was  not  a  sea-going  vessel,  but  an  iron  steamer  constructed  for  the 
Seine,  and  which  for  many  years  navigated  th&t  river  between  Paris  and 
jlonen. 

From  this  period  little  appears  to  have  been  done  in  furtherance  of  the 
Implication  of  iron  to  the  construction  of  ships  till  1829-30,  when  the  intro- 
kvotion  of  a  new  system  of  traction  at  high  velocities  on  canals  led  to  new 
Ler^opments ;  and  irom  this  time  to  the  present,  iron,  as  a  material  for 
tihip-building,  has  been  extensively  used,  and  is  increasingly  in  demand. 
?rom  ]  829  to  1832,  iron  sliip-building  may  be  considered  to  have  been  ex- 
>eximental ;  and  the  trials  conducted  by  Mr.  Fairbaim  on  the  Forth  and 
31yde  Canal,"!:  simultaneously  with  those  of  Mr.  John  and  Mr.  McGregor 
Laird  at  Liverpool,  led  to  a  new  era  in  the  history  of  ship-building. 

Among  the  first  iron  vessels  for  sea-going  purposes  was  one  of  small 
:onnago,  built  at  Manchester  for  the  Forth  and  Clyde  Canal  Company. 
She  was  buHt  with  paddle-wheels  on  the  quarter  near  the  stem,  and  pro- 
pelled by  two  high-pressure  engines  of,  collectively,  80  horse-power.  This 
vessel  attained  great  speed,  considering  the  date  at  which  she  was  built; 
und  for  many  years  traded  between  Grangemouth  and  the  ooast  of  Fife, 
round  to  Dundee. 

Previously  to  the  building  of  the  "  Manchester/'  another  small  vessel, 
called  the  *'  Lord  Dundas,*'  was  constructed  for  the  same  company.  She  was 
strictly  experimental,  and  was  propelled  by  a  locomotive  engine  of  16  horse- 
power, with  8-inch  cylinders.  Such  was  the  lightness  of  her  construotion, 
that  the  plates  were  only  l-14th  of  an  inch  tliick,  riveted  to  light  HT  u^mt 
ivhich  formed  the  ribs  of  the  hulL  This  vessel  hud  stem  paddles*  and  was 
3f  the  following  dimensions : — 

•  Tidtf  ^'Bemarkfl  on  CafM.1  Karl/iiatloA,"  by  W,  Vai^bnifn.    Longman,  1831. 


Length,  68  feet 

Breadth  on  beam,  11  tet  0  indm. 

Depth,  4  feet  6  inches. 

Diameter  of  paddle-wheel,  0 IM. 

Whole  weight,  including  engine,  ptddfe-whed,  kc^  7  tons  10  ewL 

Dranght  of  water  with  eaxgo  on  boud,  10  inehea. 
The" Lord Dnndas'* was Iradat in  1880, eonYejed  thnqc^ flie sfamta rf 
Manchester  on  trucks,  and  lannohed  into  the  LrwlBnt  where  nnmeKOU  tit 
took  place  in  regard  to  her  speed  in  narrow  dumnels,  soch  sa  caaili;  ifr 
eluding  such  other  direct  experiments  as  wove  fikelj  to  result  ftoana^ 
of  this  kind  propelled  bysteam.  Subseqiientfy  to  these  trials  sIib  wsi  m' 
gated  to  Liverpool,  and  from  thenee  to  Glasgow  viA  tfao  Ida  cf  Mi 
As  this  Toyage  was  rather  a  perilous  one,  when  tib«  slightnaaa  of  thsTBaA 
build  and  the  thinness  of  her  sheathing-pktea  are  eooaideved,  and  asit^ 
among  the  first— if,  indeed,  it  ware  not  tiie  TOiy  first— which  indicatid  ii 
necessity  of  adjusting  the  compass  in  order  to  nenlrafisa  the  local  attnaA 
of  the  material  by  which  it  waa  smronnded,  we  may  probaUy  be  pot 
to  give  a  brief  narrative  of  the  circumstances  as  they  occnired  during  Ai 
voyage.  The  "  Lord  Dundas"  sailed  from  Liverpool  at  four  a.m.  on  »  fts 
morning  in  June,  1831,  and  steered  direct  for  the  floating-light  Shenn^ 
tlie  light  in  good  time,  notwithstanding  a  thick  haze  in  the  atmosphoe, 
which,  during  the  forenoon,  thickened  into  a  dense  fog.  Towards  one  o'ckd 
land  was  descried  upon  the  starboard  bow,  showing  apparently  thatsbelsi 
made  considerable  deviation  in  a  westerly  direction.  A  dispute  arose  tf  ^ 
what  land  it  was — one  party  contending  that  it  was  the  western  side  of  ^ 
Isle  of  Man ;  the  other,  better  acquainted  with  that  side  of  tlie  island,  Hat 
it  was  not.  After  a  considerable  contest  and  examination  of  the  chuts,ii 
was  at  last  discovered  that  the  little  vessel  was  on  the  north  of  Morecunbi 
Bay,  approaching  the  coast  of  Cumberland.  On  the  discovery  of  this  enoii 
and  in  consequence  of  the  frail  bark  showing  symptoms  of  weakness,  fro* 
tlie  eflfccts  of  tlie  swell  which  was  rolling  in  from  the  west,  it  was  consid««i 
desirable  to  look  out  for  shelter ;  and  consequently  her  course  was  alteitd 
in  the  direction  of  the  Island  of  Peel  Foundry,  where  she  was  sheltered  fK 
the  night.  On  the  following  morning  she  crossed  to  Kamsey,  where  fl» 
question  of  tlie  variation  of  the  compass  was  investigated,  and  rectified I7  I 
the  simple  process  of  nailing  a  block  of  iron  to  the  deck,  in  the  immediilB 
vicinity  of  the  compass — by  this  means  neutralizing  the  local  attraction  d 
the  iron  by  which  it  was  surrounded.  After  this,  the  remainder  of  the  Toy^ 
from  Ramsey  to  Greenock  was  effected  in  a  direct  course  with  perfect  safe^* 
We  have  noticed  these  circumstances  as  illustrating  the  imperfect  stats 
of  our  knowledge,  as  respects  the  influence  of  large  masses  of  iron  upon  the 
ship's  compass.  It  has  been  ascertained  that  the  angle-iron  and  "P  iron 
ribs,  when  carried  above  the  deck  so  as  to  form  part  of  the  bulwarks,  had  1 
remarkable  effect  upon  the  compass,  each  of  them  forming,  as  it  were,  ft 
separate  magnet,  whose  influence,  unless  neutralized  by  some  greater  not 
netic  power,  caused  a  considerable  deviation  of  the  needle,  so  that  it  indicated 


IX  x>oiiit  wide  of  tho  maguetic  north ;  aud  as  this  deviation  altered  with  every 
cliango  of  tho  position  of  the  vessel,  no  reliance  could  be  placed  upon  it. 
Captain  Johnson  and  Professor  iVirey,  by  an  interesting  scries  of  expcri- 
znents,  ultimately  settled  tliis  question,  and  provided  a  remedy  in  the  adjust- 
ment and  correction  of  tho  compass  on  board  of  iron  ships. 

The  object  contemplated  by  tins  light  vessel  and  light  machinery  was,  to 
ajBcertain  how  far  quick  speeds  could  be  attained  upon  canals  b}'  steam- 
X^ower.  As  much  as  fourteen  miles  an  hour  had  been  accomplished  by 
liorscs,  with  a  tractive  power  of  30^  lbs.  by  dynamometer,  and  that  without 
tlie  least  appearance  of  surge  ;•:«  but  tlie  experiments  made  with  the  •'  Lord 
I>undas"  steamer  indicated  a  very  different  law,  and,  under  tlie  most  favour- 
tLhle  circumstances,  never  exceeded  more  than  eight  to  eight  and  a  half  miles 
an  hour,  and  that  with  an  enormous  swell  washing  over  the  banks  of  tlio 
canal  in  every  direction.  In  fact,  tlie  object  for  which  the  boat  was  built 
"Was  never  attained,  and  it  was  found  impossible  to  eifect  by  steam  what  was 
done  by  horses.  It  nevertlLolcss  led  to  a  more  important  and  a  grcatly- 
ezUarged  branch  of  industr}* — namely,  tlie  construction  of  iron  vessels  upon 
a  large  scale  for  ocean  traffic. 

'JHiese  experimental  vessels,  the  *'  Lord  Dundas"  and  the  *'  Manchester," 

already  mentioned,  in  conjunction  with  tlio  *'  Albiu-ka,"  and  some  other    | 

vessels,  by  Messrs.  J.  Laird  and  Co.,  of  Livcrx)ool,  may  be  considered  as  tho 

first  successful  attempts  in  iron  shipbuilding.     ShoL*tly  after  the  completion 

of  these  vessels,  several  large  establislmients  were  founded  for  this  branch 

of  construction,  amongst  whom  may  bo  emmierated  Messrs.  W.  Fairbaim  and 

Go.,Millwall,  and  Messrs.  Ditchbum  and  Mare,  Blackwall,  London;  Messrs. 

Laird  and  Co.,  Liverpool;  Messrs.  Tod  and  McGregor,  Glasgow;  and  several 

others,  all  of  whom  were  engaged  for  many  years  in  the  construction  of  iron 

ihips. 

In  this  chapter  we  shall  be  unable  to  go  much  into  detail,  and  must 
confine  ourselves  to  a  few  general  observations  in  connection  with  tho  more 
important  application  of  iron  as  a  material  of  construction  for  ocean  steamers 
and  sailing  vessels,  exposed  to  all  the  changes  and  vicissitudes  of  wind  and 
tides  in  the  open  sea. 

Fig.  84  exhibits  a  half  cross  section  of  one  of  Her  Majesty's  frigates 
of  the  second  class,  and  will,  to  a  certain  extent,  illustrate  tlie  principles  of 
constmction.  It  will  be  seen  that  tlio  iron-ship  is  composed  of  a  series  of 
frames  or  ribs,  placed  at  various  distances  apart ;  tlicso  are  connected  to- 
gether in  the  interior  of  tho  vessel  by  transverse  beams,  mostly  of  iron,  but 
sometimes  of  wood,  which  support  the  decks.  Over  the  exterior  of  the  ribs 
the  ircm  sheathing-plates  are  riveted,  so  as  to  form  a  continuous  water-tight 
coreiing  over  the  entire  exterior  of  the  vessel. 

Bitari — One  of  the  ribs  is  shown  at  a  a  a.  Fig.  B4 ;  and  its  section  will 
be  seen  in  Fig.  85,  which  is  a  longitudinal  section  through  the  line  bb;  it 
consists  of  a  vertical  plate  c,  to  which  two  angle-irons  are  riveted,  one  at  the 
top  and  the  other  at  the  bottom.    On  the  lower  angle-iron  the  sheathing- 

•  "  Remarks  on  Canal  Navigation,"  page  67.  I 
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ocnrnrnuoTiov  or 


plates  d  are  liToted ;  and  on  ihe  vpper,  iataior  plataa, 


ti,.t,  ,1   ** — - 

UVWflCI  uB^w 

aHj,  80  M  to  iana  abngn 
and  Imcea  from  llw  kediH 
nrand  tlie  1b^  toflM  iqftr 
dedn.  TliaoeiibaaieiliMl 
atdirtaiftwa  of  about  ifle* 

SBiOuOa     vO     ^fWll^fffl*^   IDflMR 

apart,  aeeoidiiig  ioiwir|»> 
aition  in  the  direotion  of  fti 
length  of  tlia  ah^.' 

OOier  Idnda  of  taM 
mi^t  be  uaed  with  doddi 
an^iion,  aa  ahfliwn  at  *^ 
in  the  annered  akelah  (Jl^ 
80),  but  th^  aie  man  «• 
peiuftfe;  and  from  the  i» 
creased  complexjiy  of  coe- 
stmction,  the  extra  strength 
obtained   does  not  compen- 
sate  for  the  difference  of  cost 
Altogether  the  frames  shown 
in  Fig.  85  have  come  into 
general  use  as  the  most  effec- 
tiye  and  easy  of  constmctioiL 

Xeela.— This  part  of  ihe  | 


Fig.  84. 


vessel  requires  to  be  made 
exceedingly  strong  to  re- 
sist the  pressure  or  vio- 
lent shocks  to  which  it  is 


Fig.  86. 

subjected,  when  a  vessel  grounds.    It  is  made  in  vaxioua  wajra,  geneitlly 
«  4  with  a  false  keel,  whidi  is 

°^^    riveted  on  below  ti^ribebj 
\     two  angle-ixona.    The  £Uie 
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Fig.  86. 


keel  is  intended  to  receive 
^    the  shock  first  in  groond- 
ing;   and  is  ao 


that  it  may  even  be  carried  away  without  material  ii\jniy  to  the  trae  keeL 
Fig.  87  shows  a  method  in  which  it  will  be  seen  that  the  sheaihing-j^tea  a  a 
are  bent  downwards  so  as  to  grasp  the  side  of  the  keel,  vhich  consuta  of 
a  massive  plate  of  iron ;  whilst  the  angle- iron  of  the  ribe  is  bent  upwards 
at  right  angles,  and  is  firmly  riveted  to  the  vertical  keel  plate. 


rOBM   01   TBS  I»OX-BBUM^ 


mikt^—Tbt  flooringa  an  nj^rted  iqwn  beams  exteiuGng  from  one 
ftii*  TCMal  to  tbe  other,  and  Attached  st  eittur  end  to  the  libs  oz  nde 


K  In  the  Beetiaa,  Fig.  Bl,  the  two  upper  decks  are  sopported  upon 
n  beams,  as  in  an  ordimuy  wooden  Tesael ;  but  wronght-iron  beams 
^M  ma;  be  sabatitated  &r  these  with  gre&t  adrsntage,  ai  ibown 

I  Xheae  deek-beams  hare  been  made  of  Taiitmeft»iiis,  the  beet 

I  of  which  for  large  Teseels  is  probably  that 

I  ahowu  in  Fig.  88,  which  oonsists  of  angle-irons 

I  nreted  to  the  top  and  to  the  bottom  of  a  thin 

I  vertical  plate.  In  some  oases  a  vertical  plate, 
^^^  with  two  angle-irons  at  the  top  and  one  at  the 
^^  bottom,  is  used,  «nd  haa  the  advantage  of 
■  '*•  greater  simplicity,  though  the  material  is  not 

II  distiibnted.  The  box  beam  (Fig.  89)  is  employed 
pporting  the  shafts  and  paddle-boxei  of  steamers,  &c.  "• — 
tretlBi  of  tta*  VUtasLr-In  all  wrou^t-iron  oonatmctions,  the  mode  of 
g  two  plates  together  ia  the  same.  When  the  article  can  neither  be 
eed  at  once  from  the  rolling  null  nor  the  Bteajn-hammer,  and  exoept  in 
canpezatiTelf  few  cases  idiere  parts  are  vtitM  together,  tbej  are 
cmUj  united  bj  riveU..  A  series  of  holes  being  made  thmngh  both 
i>s  audi  belt,  with  »  head  iq^  oam  stde,  is  passed  thron;^  each,  snd 
qoicklf  hMiiin«red  down  on  the  other  aide  to  another  head,  so  as  to 


Ill  .lis  iiilli  Dio  sucUoii  of  tliu  pla 
u  perforating  a  line  of  holes  alo 
strength ;  it  ia  also  clekr  that  tl 
I   itself,  nearly  aa  the  areas  of  their 
I   for  the  irregularities  of  the  presau 
.   words,  the  joint  will  be  reduced  in 
I    of  its  section  through  that  line  to  i 
suppose  two  platea,  each  two  feet  v 
be  riveted  together  with  ten  j-inch 
the  length  of  the  joint,  the  strength 
the  extent  of  seven  and  a  half  inc 
will  be  to  that  of  the  joint  as  9  :  t 
respective  areas  of  the  solid  plate 
24  :  le-af.     From  Iheae  facta  it  is  i 
strength  of  the  plates,  their  object  1 
in  contact.     It  maj  be  said  that  the 
of  the  plates  would  add  to  the  stren 
U>  any  great  extent,  as  in  almost  eve 
I   reaistance  to  be  in  the  ratio  of  their  i 
When  this  great  deterioration  c 
count,  it  cannot  but  be  of  the  grcatee 
I  to  such  violent  strains  as  ships,  the 
adopted.    Tl 


8IK0LB  AND  DOUBLE-BIYETED  LAP^OIIVTS. 
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trail  may  present  a  smooth  snr&ce  for  her  passage  through  the  water.  This 
iTatem  of  riveting  is  shown  in  Fig.  87,  where  the  rivets  of  the  sheathing- 
(dates  are  eountersunk.  This  sjstem  of  riveting  is  only  used  when  smooth 
waAcea  are  required ;  under  other  circumstances  their  introduction  would 
act  be  desirable,  as  they  do  not  add  to  the  strength  of  the  joint,  but  to  a  cer- 
tain extent  reduce  it.  This  reduction  is  not  observable  in  the  experiments ; 
but  the  simple  fact  of  sinking  the  head  of  the  rivet  into  the  plate,  and  cutting 
rat  a  greater  portion  of  metid,  must  of  necessity  lessen  its  strength,  and  ren- 
lar  it  weaker  than  the  plain  joint  with  raised  heads. 

There  are  two  kinds  of  lap-joints,  those  said  to  be  single-riveted  (Fig.  00) 
md  those  which  are  double-riveted  (Fig.  91).  At  first  the  former  were  almost 
miversally  employed,  but  the  greater  strength  of  the  latter  has  since  led  to 
iihexr  general  adoption  in  the  larger  descriptions  of  vessels.  The  reason  of  the 
mperiority  is  evident  A  riveted  joint  gives  way  either  by  shearing  off  the 
rivets  in  tiie  middle  of  their  length,  or  by  tearing  through  one  of  the  plates 
in  the  line  of  the  rivets.  In  a  perfect  joint  the  rivets  should  be  on  the  point 
>f  shearing  just  as  the  plates  were  about  to  tear;  but  in  practice  the  rivets 
ue  usually  made  slightiy  too  strong.  Hence  it  is  an  established  rule  to  em- 
ploy a  certain  number  of  rivets  per  lineal  foot.  If  these  are  placed  in  a 
nngle  row,  the  rivet-holes  so  nearly  approach  each  other  that  the  strength  of 
the  plates  is  much  reduced ;  but  if  they  are  arranged  in  two  lines,  a  greater 
onmber  may  be  used,  and  yet  more  space  left  between  the  holes,  and  greater 
itzength  and  stiffness  imparted  to  the  plates  at  the  joint. 

The  results  of  Mr.  Fairbaim*s  experiments  upon  the  two  forms  of  joint 
ure  given  in  the  following  sunmiary : — 


Cohesive  streDgth 

of  plates. 

Brealdng- weight  in 

lbs.  per  sq.  in. 

Strength  of  single-riveted 
joints  of  equal  section  to 
tiio  plates,  taken  through 
the  line  of  rivets. 
Breaking- weight  in  lbs. 
per  sq.  in. 

Strength  of  double-riveted 
joints  of  equal  section  to 
the  plates,  taken  through 
the  line  of  rivets. 
Breaking-weight  in  lbs. 
per  sq.  in. 

57,724 
61,579 
58,329 
50,983 
51,130 
49,281 
43,805 
47,062 

45,743 

36,606 

43,141  . 

43,515 

40,249 

44,715 

37,161 

52,352 
48,821 
58,286 
54,594 
53,879 
53,879 

Hen 

52,486 

41,590 

53,635 

The  relative  strengths  will  therefore  be— 

For  the  plate 1000 

Donble-riveted  joint 1021 

Bingle-riveted  joint 791 

From  the  above  it  will  be  seen  that  the  single-riveted  joints  have  lost  one- 


\ 
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SUPERIOBTTT  OF  IBON  OYSB  WOOD  IS  lEIJP-VinabDIIIO. 


I 


fifth  of  the  actual  strength  of  the  plates,  whilst  th*  donhl^imted  htite 
retained  their  resisting  powers  nnimpaixed.  These  are  importuit  tnd  eon- 
vincing  proofs  of  the  superior  value  of  the  double  jookt ;  aad  in  all  casH 
where  strength  is  required,  this  description  of  joint  should  inrmaabl^he  used. 
Comparing  these  results  with  those  of  a  former  analyna,  we 

1000  :  1021  and  791* 

1000:    983  and  731 


Mean  .    .    .  1000  :    977  and  761 

which  in  practice  we  may  safely  assume  as  the  correct  value  of  each.  Ex- 
elusive  of  this  difference,  we  must,  however,  deduct  thirty  per  cent  for  tba 
loss  of  metal  actually  punched  out  for  the  reception  of  the  rivets ;  and  tin 
absolute  strength  of  tlie  plates  will  then  be,  to  that  of  the  riveted  joints,  is 
the  numbers  100,  68,  46.  In  some  cases,  where  the  rivets  are  wider  apait, 
the  loss  sustained  is,  however,  not  so  great;  but  in  boilers  and  similar vesseb 
where  the  rivets  require  to  be  close  to  each  other,  the  edges  of  the  plates  sn 
weakened  to  that  extent.  Taking  into  consideration  the  various  circum- 
stances affecting  the  experimental  results,  we  may  fairly  assume  the  foUov- 
ing  relative  strengths  as  the  value  of  plates  with  their  riveted  joints. 

Taking  the  strength  of  the  plate  at 100 

*The  strength  of  the  riveted  joint  would  then  be  .    70 
And  the  strength  of  the  single  riveted  joint     .    .    66 

Wood  and  bon  ae  M&Uxiala  Iktt  Ship-buildiae. — ^We  shall  conaidtf 

this  point  under  three  heads — 

Strength, 
dubabilitt, 

EcONOlfT. 

To  ascertain  the  superiority  of  iron  over  wood  in  regard  to  strength,  ki 
us  consider  the  strains  to  which  a  vessel  is  subjected.  Let  us  take,  for 
example,  a  vessel  of  similar  dimensions  to  the  "  Great  Western"  (the  fint 
steamer  that  successfully  crossed  the  Atlantic),  212  feet  long  between  tha 

perpendiculan,  S5 
feet  beam,  and  2S 
feet  from  the  soi&ce 
of  the  main-deck  to 
tiie  bottom  of  the 
sheathing  attached 
to  the  keeL  Now, 
considering  a  vei- 
sel  of  this  nagai- 
tude,  with  its  machinery  and  cargo,  to  weigh  3000  tonB»  i«ftiw<i^»g  1^^  aim 

*  The  cause  of  the  increase  of  strength  in  the  douMe-rivetad  plates  may  be  attri- 
buted to  the  riveted  specimens  being  made  of  best  izon ;  whereas  the  mean  mXkd^ 
of  the  plates  is  taken  from  all  the  irons  experimexited  upon,  aome  of  inferior  qnalitT, 
which  will  acoount  for  the  high  value  of  the  double-riveted  joint. 


Fig.  92. 


BK8I8TAK0E  TO  TSNSION  AND  C0MPRSB8I0N  IN  IRON   SHIPS. 


476 


weight;  and  supposing,  in  the  first  instance,  that  she  is  suspended  upon 
two  points,  A  and  B,  resting  on  the  bow  and  stem,  at  a  distance  of  210  feet, 
aa  shown  in  Fig.  02 ;  we  should  then  have  to  calculate,  from  some  formula  yet 
to  be  determined  by  experiment,  the  ultimate  strength  of  the  ship. 

To  determin*  this  formula  with  accuracy  is  a  work  of  research.  In  the 
meantime,  we  are  fortunate  in  having  before  us  that  which  applies  with  so 
mneh  certainty  to  tubular  bridges  and  tubular  girders;  and  all  that  is 
zeqoired  in  this  case  will  be  to  ascertain  the  correct  sectional  area  of  the 
plates,  to  prevent  the  tearing  asunder  of  the  bottom,  and  the  quantity  of 
material  necessary  to  resist  the  crushing  force  along  the  line  of  the  upper- 
deck  on  the  top.  It  is  true  that  the  necessary  data  have  yet  to  be  deter- 
mined ;  but  the  iron  ship-builder  cannot  be  far  \iTong  if  he  assume  the 
weight  W  in  the  middle  (Fig.  02)  to  be  equal  to  the  united  weights  of  the 
ahip  and  cargo.  This,  in  tlie  case  before  us,  would  give  an  ultimate  power 
of  reaistance  of  3000  tons  in  the  middle,  or  6000  tons  equally  distributed 
along  the  ship,  with  her  keel  downwards. 

Assuming  these  tests,  or  the  calculations  derived  therefrom,  to  bo  correct, 
let  na  now  bring  the 
vessel  into  a  totally 
different  position,  aa 
in  Fig.  03,  having  the 
aame  weight  of  cargo 
on  board,  and  sup- 
ported by  a  wave, 
which,  for  the  sake  of 


Fig.9S. 

ilhiatration,  we  may  consider  as  supporting  the  vessel  upon  a  single  point  in 
the  middle. 

In  this  position  we  find  the  strain  reversed ;  and  in  place  of  the  lower 
part  of  the  hull  of  a  ship  being  in  a  state  of  tension,  it  is,  on  the  contrary,  in 
a  state  of  compression,  and  the  whole  of  those  parts  below  the  neutral  axis 
are  subjected  to  thlit  strain.  On  the  other  hand,  the  upper  part  is  in  a  state 
of  tension ;  and  that  tension,  as  well  as  the  compressive  strain  below,  will  be 
found  to  Tary  in  degree  in  the  ratio  of  the  distances  from  the  centre  of  the 
neutral  axis  a  (Fig.  03),  round  which  the  forces  of  tension  and  compression 
rerolve.  In  this  supposed  position  we  may  venture  to  calculate  the  strengths, 
in  order  to  ascertain  the  limit  or  maximum  of  security,  and  act  as  if  the 
▼assel  were  placed  in  trying  circumstances, — either  contending  with  the 
rolling  seas  of  a  hurricane,  or  suffering  the  actual  suspension  of  either 
portion  when  taking  the  ground.  In  these  critical  positions  we  arrive  at 
the  oondusion,  that  calculations  founded  upon  the  fonnula  for  wrought-iron 
tubular  beams  will  determine  the  strength  and  resisting  powers  of  an  iron 
ship,  and  that  under  every  contingency  and  every  circumstance  in  which 
the  vessel  oisn  be  placed.  Moreover,  it  will  give  a  wide  margin  of  security 
under  all  those  forms  and  conditions  of  peril  to  which  every  vessel  navi- 
gating tile  oeean  is  exposed.  We  are  fully  aware  thait  many  thousand 
Tteaels  are  now  illoat,  that  would  not  stand  one-third  of  the  tests  which 
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we  have  taken;  but  that  is  no  reuon  why  «•  ihoiild  Bot  widBWcm  to 
effect  more  jndicioiiB  distEibntion  of  the  inatiwrhil,  in  ovdar  to  attun  tU 
maTimiiTn  strength,  where  hnman  lift  and  tfaa  fintmiM  of  tibo  pnUio  an 

at  stake. 

To  show  that  we  have  not  selecied  teiteidiidi  no  Taaelifoald  ilmd, 

we  append  the  following  inddentB : — 

In  hauling  an  iron  steamor  of  noarlj  400  terns  lNiTtli«&  out  of  a 
temporary  basin,  she  grounded  on  the  extrems  end  of  tho  bank,  and 
was  left,  as  the  tide  receded,  with  fiirly  feet  of  bar  stom  enfinlj  withoit 
support,  and  her  bow  buried  in  the  opposite  bank.  On  tbe  xotnni  of  this 
tide,  the  vessel  floated,  and  immediately  afterwaids  she  procaedod  on  her 
vojrage. 

A  large  steamer,  the ' '  Vangnazd,"  ran  find  of  a  xeaf  of  xocks  on  liia  md 
coast  of  Ireland,  and  continued  exposed  to  the  swell  of  tho  Atlsntio  bsslivg 
her  upon  them  for  several  days  with  oompantvrelj  little  iigmy,  exespliwg 
only  the  corrugation  of  the  plates  along  her  bottom.  She  appean  to  haw 
rested  upon  a  number  of  small  hard  roeks  finom  the  stem  to  the  faSL  psitol 
the  vessel  just  under  the  paddle  wheels,  and  from  that  part  to  the  fltem  to 
have  been  quite  unsupported,  except'at  one  place  where  the  keel  was  broken. 
Mr.  Clark,  who  went  to  examine  her,  states  that, "  although  she  was  beating 
hard  for  so  many  days,  no  port  of  her  engines  was  deranged.  Her  engines 
were  kept  constantly  at  work,  and,  in  his  opinion,  are  now  in  as  permanent 
working  order  as  ever  they  were.  Had  the  'Vanguard*  been  built  of  wood 
instead  of  iron,  slie  could  not  have  been  saved." 

*'  The  •  Royal  George,'  one  of  the  iron  steamers  running  between  Liver- 
pool and  Glasgow — a  vessel  of  unusual  length  in  proportion  to  her  beam- 
got  on  a  rock  near  Greenock  at  high-water,  when  loaded  with  about  150 
tons  of  dead  weight  besides  her  engines  and  coals,  and  was  left  there 
high  and  dry  during  a  whole  tide,  without  sustaining  any  ii^niy.  6he 
rested  nearly  on  her  centre ;  and  all  who  saw  her  were  of  opinion  that 
no  timber  vessel  could  have  remained  in  that  position  without  breaking  her 
back."* 

We  might  adduce  numerous  other  instances  in  which  iron  vessels  have, 
without  material  injury,  stood  the  strains  which  must  have  caused  a  timba 
vessel  to  go  to  pieces.  An  iron  ship  is  united  by  riveting  into  a  single  firm 
mass ;  whilst  a  wooden  vessel  is  composed  of  an  innumerable  number  of 
pieces,  all  imperfectly  joined  together,  but  which  are,  nevertheless,  dependent 
on  each  other  for  support ;  so  that  if  any  one  gives  way,  the  stability  of  aUthe 
rest  is  endangered. 

In  his  paper  on  iron  as  a  material  for  ship-building,  Mr.  Fairbaim  gives 
the  following  results  of  some  experiments  on  the  com^iarative  strength  of 
wood  and  iron,  when  subjected  to  pressure  from  a  blunt  instrument  j^aced 
at  right  angles  to  the  surface  of  the  plate.  It  will  be  seen  that,  in  theaa 
experiments,  an  endeavour  was  made  to  place  the  material  in  eiieomstanfiff 
similar  to  those  mentioned  above,  where  the  vessel  is  beating  upon  hard  and 

*  Omnthnm  "  On  Iron  at  a  Material  for  Ship-Building." 
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imeqiial  grouncL  In  these  experiments,  the  wrought-iron  plates  were  fastened 
upon  a  frame  of  oast-iron,  one  foot  square  inside,  and  one  foot  six  inches 
outside.  The  sides  of  the  plate,  when  hot,  were  twisted  round  the  frame,  to 
wMeh  they  were  firmly  holted.  The  force  to  burst  it  was  applied  in  the 
eentre  by  a  bolt  of  iron,  terminating  iu  a  hemisphere  three  inches  in 
diameter. 

» 

Summary  ofBetulU. 

Ibfl.    Mean:  lbs. 
Li  Experiment  I.,  a  plate  one-fourth  of  an  inch  thick  was 

burst  by 18,789\ 

Li  Experiment  n.,  a  plate  one-fourth  of  an  inch  thick  was  \    1 0,770 

burst  by 19,769  j 

In  Experiment  m.,  a  plate  half  an  inch  thick  was  burst  by  97,519  \ 

In  Experiment  IV.,  a  plate  half  an  inch  thick  was  burst  by  87,928  J    ^ '  >^^ 


Here  the  strengths  are  as  the  depths,  a  half-inch  plate  requiring  double 
the  weight  to  produce  fracture  that  had  previously  burst  a  quarter-inch  plate. 

The  experiments  on  wood  were  made  upon  good  English  oak,.of  the  same 
width  as  the  iron  plates.  The  specimens  were  laid  upon  solid  planks  twelve 
inches  asunder,  and  by  the  same  apparatus  the  roimded  end  of  the  three- 
mch  pin  was  forced  through  them. 

Summary  of  Rendu, 

lbs.    Mean:  Iba. 

Strength  of  planks  3  inches  thick 18,941) 

»>  i»         3      „         „        16,925) 

»»  »f       li       »»        »»        4,532) 

.,       li 4.280[     *•*<>« 

Here  the  strength  to  resist  crushing  follows  the  ratio  of  the  square  of  the 
depth,  as  is  foimd  to  be  the  case  in  the  transverse  fracttbre  of  rectangular 
bodies  of  constant  breadth  and  span.  The  experiments  show  conclusively 
the  superiority  of  iron  in  ordinary  cases. 

BiuabUity. — The  durability  of  iron  ships  is  now  established  beyond  a 
doubt;  and  it  is  generally  admitted  that  they  remain  fit  for  service  longer  than 
those  of  timber.  At  first  it  was  thought  that  the  action  of  saltwater  would 
cause  a  rapid  oxidation,  and  very  soon  disable  them ;  indeed,  oxidation  has 
been  the  rock-ahead  of  every  iron  ship  for  the  last  twenty  years.  The  evil 
has  been  exaggerated ;  and  there  are  instances  of  iron  ships  built  twenty 
years  ago,  which  are  still  in  existence  with  no  sensible  appearance  of  cor- 
rosion or  decay,  and,  what  is  of  equal  importance,  without  having  required 
repairs,  if  we  except  a  few  coats  of  oil-paint,  or  the  application  of  some  other 
anti-corrosive  substance  to  neutralize  the  effects  of  the  sea-water.  Nature, 
however,  comes  to  our  assistance  in  this,  as  in  almost  every  other  attempt  in 
the  constructive  arts,  and  seems  to  confirm  the  proverb,  '*  A  bright  sword 
uevermsts;*'  for  it  is  with  iron  ships  as  with  iron  raUs — ^when  in  constant  use 
there  is  little,  if  any,  appearance  of  oxidation. 
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I,  in  fbc  work  alzeaij  qwiUA,  comes  to  lh« 
b  «•  on  tiie  wkale  lew  espensiTe  in  eonstractiiiB 
'  B«t  assuming  Uiftl.  irben  btult  in  Uie  bat 
ei,  Umj  eoat  iltnrt  Iht  «in:  stiU.  the  iron  ship  has  gMftt  advajitagM. 
Hie  gtraBgOi  of  in»  is  ao  gnat  ftat  m  are  enaUed  to  use  ft  Boub  thirati 
shell  than  irith  wood ;  and  hmea  tfiere  is  rnnch  more  stowage  roota.  Tb 
coetof  mnintaining  an  JtonTMad,  repairs,  ic.,  an  ^exj  emtHl ;  wbilstin* 
timber  Teesel  the;  aaount  to  a  lar^  Bum.  Iron  vessels  are  not  sabjett  to 
a  di7  rot ;  and  we  bare  alieadj  seen  tbat  tbej  will  ismaio  under  wnn 
atndn  eompantiTelT  amqjnied.  wben  a  timber  vessel  would  go  to  pieecfl. 

In  mndnding  Uua  chapter,  it  will  be  neceaaaxy  ta  advert  to  the  iw  tl 
iron  as  appUed  to  vessels  of  war.  Iliere  CAimot  exist  a  doubt  es  to  the 
advantaf^  to  be  derived  boia  iron  aa  a  UBlenal  for  sUip-building,  and  it  I: 
probably  aa  denrabte  in  tlio  Bojal  Hktj  as  in  Uie  Uerchant  Serrice ;  M  , 
the  great  drawback  to  ila  application  ia  Uie  effect  of  ehot  upon  iron  pbto, 
and  tha  consequent  danger  to  tlteniiy«(ftaTandlMin  this  catiM.  "Dai 
danger  doM  not  ariso  ao  mneh  &am  ftfMtlMk'AM  ratnin)!;  the  ttiipil 
high  velocitkB,  a.1  from  shot  rangingfRm  s£atutaB|  and  which  BtrilieTL: 
jl  with  a  reduced  force.  In  the  first  eaae  ths  shot  |t«ietrates  and  pa»»  . 
tiirobgb  Uie  plates,  making  a  perforation  equal  in  diameter  to  the  shal ; 
a  half-spent  shot  when  it  arrives,  not  only  penetntea  the  side  of  the  tlt^ 
bnt  l£ara  np  the  plates  to  a  distance  of  some  feet  on  every  aide.  It  is  frm 
lliis  that  the  chiof  danger  is  to  be  apprehended;  and  however  serious tka 
effects  of  the  jagged  splinters  of  iron  maj  be  when  dispersed  over  the  ded 
among  the  crew,  it  is,  at  the  same  time,  a  less  evil  than  the  entire  Itasaf 
the  ship.  Such  are  the  objections  and  drawbacks  to  the  use  of  iron  in  Uu 
Navy ;  but  the  experiments  on  this  subject,  though  to  some  extent  eoa- 
elusive  in  their  results,  wero  certainly  not  of  that  character  to  cam 
entire  abandomnent  of  iron  in  the  construction  of  vessels  of  war.  In  Ikt 
settlement  of  tliis  queslion  much  has  yet  to  be  done ;  bat  the  time  is  prt 
not  far  distant  when  we  may  see  the  powerful  armnmentn  of  Great  BiiHb 
pouring  forth  upon  her  enemies  misailee  of  destruction  from  the  atdes  cf  im 
Bbips. 
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CHAPTEBXXIV. 
urn.  TooE  noxBxr'i  xmw  ststsm  of  iron  abohiteotubs* 


Tee  iDgenioTis  and  tasteful  deedgiui  exhibited  by  Mr.  Yose  Pickett  some 
fourteen  years  back,  attracted  at  the  time  mnch  attention  to  the  subject  of 
the  application  of  iron,  and  other  materials  which  he  proposes  to  combine 
with  it,  for  the  purposes  of  architectural  ornament ;  and  it  is  to  be  regretted 
that  he  has  not  obtained  the  means  of  testing  his  system,  by  applying  it  prac- 
tically on  a  scale  of  sufficient  magnitude.  To  us  the  subject  seems  too 
important  to  be  passed  over ;  and  we  willingly  allow  Mr.  Yose  Pickett  access 
to  our  pages,  to  explain  the  principles  which  he  proposes  to  develop  in  his 
iifW  system  of  iron  architecture.    Mr.  Pickett  states  as  follows : — 

In  the  year  1842,  the  Boytl  Institute  of  Architects  awarded  their  prise  for 
■a  essay  "  On  the  Effects  which  should  result  to  Architectural  Taste,  with 
ngazd  to  Arrangement  and  Design,  from  the  general  introduction  of  Iron  in 
the  Ckmstruction  of  Buildings."  It  is  now  from  fourteen  to  fifteen  years  since 
tba  effbrt  was  made  by  the  Institute,  and  also  from  the  time  when  the  writer 
WM  engaged  in  forei^adowing  some  of  the  essential  grounds  of  this  great 
nuition. 

Genuine  iron  architecture,  with  its  analogous  materials,  glass,  slate,  &c., 
iiill  give  to  the  world  great  advantages  over  those  which  the  constructive 
miitiire  of  iron  with  brick  can  ever  be  brought  to  afford ;  in  fact,  brick  is 
h&n  a  wasteful  and  clumsy  intrusion.  Though  nothing  can  be  more  totally 
diftrent  than  "  iron  architecture"  and  the  *'  use*'  of  iron  in  architecture,  yet  it 
malt  ever  be  borne  in  mind  that  architects  and  architecture  are  often 
limited  by  circumstances ;  and  there  are  occasions  when  the  use  of  iron 
wifli  brick  is  a  necessity.  The  subject,  as  laid  down  by  the  writer  in  his 
Tsdoufl  publications,  resolves  itself  into  three  divisions : — 

Fint. — ^The  greatest  and  by  fiEu:  most  important  branch  is  genuine  iron 
arehiteoture ;  by  which  only  can  the  advantages  of  building  and  architecture 
be  eexried  to  their  utmoet  perfection.  Here  there  must  be  no  mixing  of  iron 
withbriek. 

Second. — The  (suggested)  iron  law  in  architecture,  or  an  improved  use  of 
iron  with  brick ;  whidi  is  necessary,  seeing  that  ancient  cities,  and  existing 
and  brick  buildings,  have  to  be  dealt  with. 

2%M.— A  new  metallic  art,  and  architecture  for  monuments  and  gold 
lilver  stmcUirwi ;  which  does  not  require  our  consideration  at  present. 

It  is  thus  obvious  that,  inasmuch  as  the  nature  and  essenee,  the  powers 
and  capacities  of  the  materials  proposed,  are  not  only  infinitely  more  en- 
larged, but  of  a  totally  opposite  character  to  those  of  stone  and  brick ;  as  the 
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principles  of  the  oncieiit  ajetem  all  tend  to  develop  the  propeiiieB  of  sloni 
and  brick,  and  as  ttio  modem  iroTld  is  called  upon  to  nae  and  adapt,  in  tht 
like  and  analogous  maimer,  the  powers  of  iron,  £c. ;  and  as  the  teij  fint 
primary  constrnctiTO  principle  demanded  in  metal  is  the  ver^  reTerse  of  tlul 
employed  in  constructions  of  brick  and  stone ;  bo  all  the  asaodatiTa  priii' 
ciplea  of  fonn  and  appliance  must  be  of  a  difTerent  character  also. 

In  resolving  tlie  elements  of  masooio  architecture  into  first  prisciplei  1/ 
form  and  feature,  they  are  found  to  be  four  in  number,  whicli,  as  geoetd 
principloa,  constitnte  alike  the  univereal  basis  of  every  order  or  B^le. 

The  first  consists  of  tho  solid  wall,  composed  of  blocks  of  stone,  it, 
pUcd  upon  each  other. 

The  second,  in  aurrace-carved  or  relievo  ornamental  fbrma. 

Tho  lliird,  in  the  ilso  of  piers  and  columns  for  the  support  of  roofs  ud 
porticos ;  and 

The  fourth,  in  tho  universal  preralence,  more  or  less,  of  angles  mi 
straight-lined  forms. 

These  principles,  being  incompatible  with  the  right  nae  and  jnst  espreaaoi 
of  metallic  powers  in  architecture,  require  equivalents  in  the  new  or  metallic 
system,  whicli  will  be  found  in  the  aii  following  primary  principles: — 

Fint  Primar\j  PriHciple.-~Ctansta  or  hollow  iron  wallB,  with  cast,  chtMi 
or  repouse-work  omamenlal  surface,  in 
substitution  of  tho  solid  wall  and  aali- 
lered  surface  used  in  masonry.  This 
includes  glass,  slate,  or  nny  other  appro- 
priate panelling  material,  according  to 
circumstances ;  iron  architecture  not  be- 
ing dependent  on  iron  only  for  its  orntk- 
menlation.  Almost  every  engineering 
constructional  invention  may  here  ba 
indulged  in.  obedient  only  to  those  laws 
of  art  requisite  for  tho  atfainmoiit  of 
relative  and  harmonious  as  well  as  in- 
trinsic use.  An  intermediate  arrmigc- 
meut  of  skeleton  frame-work  is  here  con- 
sidered necessary,  tlie  particular  form  of 
which  is  dependent  on  the  nature  aud 
requirements  of  each  work. 

The  peculiar  advantage  of  the  first 
primary  principle  is  economy  in  space, 
which  ocourstoaproportionately  greater  w- w. 

extent  as  the  hciglit  of  the  building  and  its  stories  are  multiplied ;  an  adna- 
tage  greatly  enlitiuced  by  the  high  price  demanded  for  ground  in  cilJe*. 
In  the  case  of  lofty  buildinga  of  brick  and  stone  on  confined  spots  of  gTOiud, 


almost 
Tho 


■third  of  the  whole  apace  ia  neoessarUy  often  occupied  bj-eoU 
bulk  and  weight  of  the  primary  matetials  nied  in  the  tto- 
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straction  of  ancient  buildings,  and  the  circumstance  of  every  ordinary  brick 
holding  in  absorption  about  tlirec-quarters  of  a  pint  of  water,  with  the  vast 
body  of  dirt,  dust,  water,  and  grit  inherent  in  the  other  materials,  must  be 
known  to  every  one.    In  tliat  great  work  in  the  ancient  system,  the  Pantheon, 
the  supporting  walls  of  its  celebrated  dome  are  twenty  feet  tliick.    In  the 
author  s  design  for  an  analogous  work  in  iron,  but  of  much  larger  dimen- 
sions, a  surrounding  space  is  planned  of  two  walls,  twenty-four  feet  apart, 
forming  canister  walls — that  is,  a  wall  formed  by  two  hollow  waUs  placed  at  a 
distance  proportioned  to  tlie  weight  they  have  to  bear,  braced  together  by  means 
of  beams,  upon  which  is  sustained  a  dome  of  infinitely  larger  span ;  so  that 
the  gain  in  space  would  be  almost  equal  to  the  whole  space  of  the  solid  walls. 
This  is  likewise  shown  in  the  author's  design  for  a  domestic  palace  of 
nearly  500  houses,  where  four  lofty  equal  ranges  of  buildings,  forming  a  hollow 
square  between  400  and  500  feet  in  lengtli,  and  of  the  canister  proportion  of 
50  feet  in  depth,  sustains  a  quadrangular  dome  of  300  feet  span,  on  the  chain 
tension  net  principle  of  Mr.  Bridges  Adams,  which  encloses  a  court  or 
winter  garden,  the  inner  surrounding  walk  being  1200  feet  in  length.    This 
roof,  which  has  great  architectural  capacity,  is  composed  of  wrought  in  con- 
nection with  cast-iron,  paned  with  thick  glass,  made  water-tight,  calked  and 
seamed  like  the  deck  of  a  ship.    In  this  case  "  the  strain"  would  be  distri- 
buted, and  the  weight  also  would  be  distributed,  on  the  four  walls  instead  of 
two.     Thus  a  tension  net  of  iron  bars  would  be  formed,  possessing  the  pro- 
perty of  a  net — ^viz.  that  the  breaking  of  a  mesh  would  not  involve  the  tum- 
bling down  of  the  roof:  and  thus  great  additional  security  would  be  obtained. 
The  types  and  features  of  this  palace,  which,  from  repetitions  of  the  same 
eastings,  manifests  extraordinary  economy  of  construction,  were  exhibited 
by  the  Boyal  Academy  in  1653,  amongst  other  designs  of  the  author. 

The  protection  afibrded  from  heat,  cold,  and  damp,  by  the  admission  of  a 
Btratom  of  air  between  the  outer  and  inner  walls,  is  obvious ;  and  its  security 
from  fire  is  also  proved  by  the  fact  of  the  iron-safe,  which,  when  composed 
of  single  plates,  and  exposed  to  high  temperature  by  the  action  of  fire, 
beooxaes  red-hot,  and  causes  destruction  to  the  contents ;  while,  at  the  same 
beat,  perfect  safety  is  secured  by  the  application  of  a  second  plate,  and  the 
admission  of  air  between  the  two  surfaces. 

On  the  other  hand,  in  illustration  of  the  effect  of  hollow  or  double  walls 
in  mitigation  of  cold  in  interiors,  the  fact  is  exemplified  in  tlie  case  of  green- 
honses,  which,  though  only  partially  composed  of  hollow  walls  of  bonded 
brick,  have  been  found  to  maintain  a  temperature  so  much  higher  (otlier  con- 
tingencies being  the  same)  as  to  preserve  plants  in  perfect  health ;  while 
with  a  solid  wall  they  have  been  destroyed.  This,  however,  can  only  be 
attained  in  perfection  by  the  application  of  iron,  where  the  outer  wall,  inevi- 
tably acted  upon  by  heat  and  cold,  and  snow  and  dirt,  followed  or  preceded 
by  rain  or  damp  and  dryness,  being  not  partially,  but  completely  separated 
fbom  the  inner  waU,  the  interior  remains  perfectly  free  from  these  injurious 
effects  of  sadden  changes. 

The  greatly-increased  facilities  for  the  ventilation  and  lighting  of  build- 
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ings,  both  natural  and  artificial ;  for  the  arrangement  of  pipes  for  the  conduc- 
tion of  air,  gas,  smoke,  sound,  water,  and  for  their  removal  without  iiijuiy  or 
destruction ;  and  the  almost  total  abolition  of  repairs  when  iron  is  coated 
with  glass,  the  colours  remaining  of  almost  eternal  brilliancy  and  dnrabilitf— 
would  take  up  too  much  of  our  space  to  enter  upon. 

These  vital  advantages  of  the  modem  material,  iron,  over  those  of  Hm 
ancient,  stone  and  brick,  bear  a  striking  analogy  to  the  immaterial  tmtfa  d 
the  art,  architecture,  which  is  founded  on  their  powers  and  properties.  Tbcj 
promise  to  be  unaffected  by  time,  or  even  use,  being  not  only  well-ni^^  in- 
exhaustible in  our  own  country,  but  bountiftilly  spread  over  the  habitaUe 
globe,  and  in  relation  with  materials  which  chemical  knowledge  and  me- 
chanical science  are  still  employed  in  bringing  to  perfection. 

In  tlie  author's  designs  for  a  church  in  iron  architecture,  constructed  of 
iron,  combined  with  porcelain,  glass,  slate,  &c.,  without  structural  use  of 
timber  or  addition  of  plaster,  the  space  within  the  walls  affords  comfortabb 
sittings  for  1250  persons.  In  a  brick  and  stone  church  of  exactly  the  sam 
groimd  and  space,  and  precisely  the  same  plan  and  arrangement  of  sittingii 
accommodation  is  afforded  for  1000  persons.  Neither  of  these  have  gaDeritfi 
which  is  all  in  fJEivour  of  the  stone  building. 

In  the  author  s  designs  for  dwellings,  warehouses,  and  other  buildingii 
the  saving  in  space  and  ground,  and  many  other  peculiar  qualities,  is  mon 
strikingly  evinced  than  even  in  the  case  of  the  church ;  for  instance,  in  two 
14-inch  or  brick-anda-half built  rooms,  each  15  feet  square  inside  and 
1 1  feet  high,  the  number  of  cubic  feet  in  each  room  is  4950  feet.  Tkeie. 
if  built  of  iron,  would,  with  tlie  exception  of  where  the  supports  occnr, 
be  increased  one  foot  over  the  walls  from  floor  to  ceiling;  the  donbfe 
wall — that  indispensable  necessity  in  a  dwelling — with  its  air-chamber 
between,  occupying  about  two  inches,  where  as  many  feet  are  demanded  kt 
brick  and  stone.  This  gives  an  increase  in  the  iron  of  1155  cubic  feet;  ao 
that,  while  tlie  brick-and-mortar  wall  construction  affords  in  vacant  space  but 
4050  cubic  feet,  in  iron  or  iron  and  slate-slab  occupying  the  same  spaee,  6109 
cubic  feet  are  afforded :  allowing  between  100  and  200  cubic  feet  as  i^aoe 
occupied  by  tlic  supports  or  framing,  and  for  attainment  of  the  effect  rttntt- 
ing  from  light  and  shade. 

On  the  Application  of  the  First  Principle. — The  method  of  supports  and 
panelling  is  of  course  adopted  as  tlie  basis  of  construction  in  a  metallie 
system  of  architecture,  from  its  suitability  to  the  nature  and  economy  c^iitB 
and  its  analogous  materials.  .  As  a  general  principle,  it  has  no  daiD  to 
originality,  being  sanctioned  by  experience  and  frequent  use.  Though  many 
and  various  methods  of  detail  may  hereafter  be  adopted,  different  from  thoee 
which  have  hitherto  been  thought  of,  and  forms  and  modes  devised  of  such 
excellence  as  to  carry  with  them  universal  acceptance ;  yet  the  modems  wooU 
not  do  well  to  pay  the  same  rigid  adherence  to  the  forms,  modes,  or  proper 
tions  of  an  architecture  dealing  witli  iron,  as  was  obtained  by  the  Doric  and 
Ionic  orders,  and  tlie  Corinthian  column  and  entablature,  of  the  ancient 
architecture  in  stone. 
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The  Second  Praivirij  PrincipU: — Interstitial  oruameulikl  form,  in  sabBli- 
totioii  of  BOT&Ke-Cftnred,  prominent,  or 
basso-ielievo  form  in  maaoury.  Pig. 
96  repreBcnts  an  equivalent  feature 
for  a  boss  or  flowei  in  the  Bjicterit 
ajvteni,  to  be  executed  in  cast  or 
WTOught-iron.  or  other  meted  or  ma- 
terial, with  gilding  or  otlier  finish,  or 
set  or  groonded  on  crystal,  or  enci- 
melled,  as  with  gams  in  jewellery. 

The  productions  of  the  artistic 
vaith,  09  of  almost  every  variety  of 
artist,  ore  available,  as  this  must  by 
no  means  be  considered  only  as  an 
azt  confined  to  cast-iron. 

This  character  of  decorative  form 
ia  essential  to  the  development  of  the 
pecoliar  powers  which  distinguish 
metal  from  stone  and  timber,  ex- 
pressed in  its  variety  of  features.  It  j,!^^  ,j_ 
la  in  advance  of  end  distinct  from 

the  Burfoce  of  the  wall,  ceiling,  and  corniceB,  forming  terminations  to  the 
pins  or  screws  employed  for  the  security  of  tlie  iron  walls,  &c. ;  suck  being 
in  Btiict  conformity  with  that  important  axiom  in  architecture,  "  that  the 
baauty  or  omameDt  shoold  issue  out  of  the  use  or  necessity  of  the  con- 


The  Adeaula/jei. — Capacity  for  the  attainment  of  distinct  and  effective 
bcatt^r  in  the  form  itself,  by  the  boldness  of  its  projection,  and  contrasted 
material  or  colour  with  tliat  of  tlie  surface  of  the  welL 

Generic  and  peculiar  beauty,  in  the  production  of  optical  Protean  effects, 
tliToagh  the  projection  of  its  shadows  on  the  delicately-tinted  surfoce  in  the 
rear-  Nor  ore  other  omomenta]  materials  excluded ;  for,  inaamueh  as  me- 
tallic adinncla  have  ever  been  admiHsiblo  in  tlie  ancient  system,  when  pro- 
perly nsed :  so,  in  the  modem  system,  stone  and  marble  statuary  and  basso- 
ralievo  and  other  adjuncts  ore  also  admissible,  when  le^timatcly  and 
appropriately  introduced. 

Improved  cleanliness,  by  tlie  passage  aiforded  for  wind  and  water  through 
the  interstices  of  the  design,  between  the  ornamental  form  and  the  sur&cea 
of  tlie  building. 

Increased  durabihty  of  the  mctolhc  ornamental  form  compared  with  fonns 
in  stone  and  cement;  and  when,  as  is  often  required  in  architecture,  repe- 
tiliait  in  great  niunbera  of  casts  fropi  one  pattern  or  mould,  greatly  decreased 
coat  in  production. 

In  addition  to  the  above  peculiar  advantages,  forme  of  this  descriptioa, 
while  they  evidence  the  required  freedom  of  invention  requisite  in  iron  archi- 
t«ctiire,  aflbrd  opportunities  for  the  introduction  of  various  features,  such  aa 
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cupolettes,  sun-Bhades  for  windows,  &c.,  by  which  peculiar  utility  is  com- 
bined with  peculiar  ornamental  effect.  Any  attempt  to  establish  a  system 
of  iron  architecture  which  would  exclude  this  character  of  fonn,  would  be 
not  only  to  degrade  and  limit  the  required  use  of  the  material,  but  would 
•  be  highly  detrimental  to  the  cause  of  art,  as  exercising  a  tyranny  OTcr  fbe 
most  legitimate  and  highest  powers  of  inTentK)n  of  the  human  mind. 

On  the  Ajtplication  of  the  Second  Principle, — ^As  in  the  worics  of  natme, 
where  time,  the  elements,  or  other  circumstances,  have  worked  upon  cod- 
structions  of  the  quany,  as  in  the  frequently  fantastically  relievo  fonn  of 
rocks;  so  in  the  modem  system,  and  in  the  primary  materials,  there  is  not 
one  of  these  essential  qualifications  but  may  be  exemplified  as  possessor 
the  charms  of  a  new  utility  or  a  new  beauty  to  recommend  them ;  while  at 
the  same  time  that  most  important  consideration,  the  simplification  isd 
economy  of  building,  is  effected,  and  many  of  its  nuisances  removed  or  abated. 

In  treating  of  the  Second  Principle,  it  is  seen  that  the  general  abandoB- 
ment  of  the  particular  treatment  of  the  basso-relieTo  ornamental  form,  u  it 
is  expressed  in  masonry,  is  considered  inevitable ;  and  in  substitution  there 
of,  **  Interstitial  Ornamental  Form  "  is  demanded  in  metal.  For  this,sevenl 
powerful  reasons  are  given  in  the  following  extract  from  the  Westminstir 
Review : — "  "With  regard  to  the  merits  of  *  Interstitial  or  Transparent  Foini,* 
as  compared  with  tliat  which  is  massive  and  opaque,  from  its  being  carred 
or  cast  on  the  surface  of  a  solid  body,  it  may  be  remarked,  that  it  would 
probably  be  impossible  to  produce  a  design  for  the  one  which  could  not 
without  some  slight  modifications,  be  carried  out  in  the  other.  It  is  apart 
from  the  contingent  position  and  circimistanccs  in  which  these  fonns  are 
placed,  and  tlie  influences  which  are  brought  to  bear  upon  them  throng 
the  agency  of  light,  and  its  action  upon  their  pecuHar  combinations,  that 
the  excellences  of  the  one  in  comparison  with  those  of  ihe  other  can 
be  developed.  For  example — to  compare  great  things  with  small — ^if  ▼• 
take  a  piece  of  lace  (a  fabric  in  the  highest  degree  susceptible  of  the  beantr 
of  interstitial  form),  and  paste  it  over  a  solid  body  of  its  own  cdoor. 
outline,  and  configuration,  it  will  remain  the  same.  Still  beautiful  it 
may  be,  but  illustrative  of  the  efiect  produced  by  solid  and  opaque  fimn. 
analogous  to  that  exhibited  in  the  surface-carved  or  relievo  ornament  of 
masonic  architecture.  Again,  if  tlie  same  piece  of  lace  be  stretched  over  a 
surface  of  agreeably  contrasted  colour,  the  beauty  and  elaboration  of  its  fonn 
will  become  much  more  manifest,  though  still  expressive  of  a  solidity  coinci- 
dent with  that  of  a  printed  or  embossed  pattern  over  an  opaque  substance, 
rather  than  of  the  transparent  quahties  in  which  its  intrinsic  exceUence  con- 
sists. But  remove  tliis  piece  of  lace  from  the  substance  over  which  you  htu 
stretched  it,  and  place  it  at  a  judicious  distance  in  advance  of  the  eaihctd 
contrasted  colour,  the  action  of  L'ght  falling  variously  upon  it;  and  the  resoit 
will  be,  not  only  that  the  beautiful  intricacy  of  its  forms  will  be  prominently 
exhibited,  but  a  superadded  peculiar  and  highly  interesting,  and  moreover 
entirely  gratuitous,  species  of  beauty  and  effect  becomes  produced,  throngh 
the  varied  repetition  of  its  forms  and  combinations,  and  the  ever-vaiyiiip 
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inodificatioxis  of  the  same  in  the  incorporealities  of  shadow.  Now,  though  it 
maj  be  brought  within  the  bounds  of  possibility  to  produce  interstitial  forms 
of  this  description  in  stone  or  timber,  of  proportions,  it  may  be  said,  delicate 
enough  for  the  purposes  of  architecture ;  yet  the  brittle  or  fragile  properties 
of  these  materials  compared  with  the  esctraordinary  strength  and  tenacity  of 
iron  and  similar  substances,  renders  the  latter  tJie  most,  if  not  the  only 
efficient  medium,  for  the  realization  of  the  effects  to  be  produced  by  the 
Bjstematic  use  of  these  forms  in  architecture.*' 

Moreover,  the  walls  or  other  parts  of  buildings,  from  the  surfaces  of 
which  features  of  this  character  are  suspended,  being  hollow  and  inter- 
stitial, further  justifies  this  character  of  ornament,  since  in  the  ancient  and 
established  architectures  the  ornamental  features  are  correspondent  with  the 
wall,  each  being  solid  or  opaque. 

But  not  only  is  interstitial,  suspended,  or  transparent  form,  consistent  and 
harmonious  with  hollow  walls,  but  the  instnmients  by  wliich  it  lis  suspended 
finom  the  same  are  of  necessity  associated  >vith  metal  constructions ;  since, 
from  the  iron  ship  of  severed  hundred  feet  in  length,  and  the  iron  gasometer 
of  equal  circumference,  down  to  the  handle  of  a  coal-scoop  or  candlestick, 
the  pin  or  rivet  presents  itself  as  the  expressive  medium  of  connection 
between  the  several  parts  of  which  metallic  constructions  are  composed. 

Another  advantage,  peculiar  to  the  character  and  disposition  of  the  orna- 
mental form  in  question,  is  its  singular  power  and  efficiency  for  maintaining 
the  beauty  of  cleanliness. 

In  the  carved  or  basso-relievo  form,  especially  in  exteriors  exposed  to  a 
hunid  atmosphere,  so  fully  charged  with  particles  of  soot  and  dirt,  and  embryo 
vegetable  matter,  as  our  own,  it  is  impossible,  without  frequently-repeated 
washing  and  brusliing,  to  preserve  such  a  state  of  cleanliness  as  is  requisite 
to  exhibit  the  lights  and  shadows  of  the  original  work,  or  to  protect  the 
forms  in  question  from  the  accumulations  necessarily  engendered  within 
the  sunken  hollows  of  carved  forms,  especially  when  these  are  of  rich  or 
bold  proportions. 

In  the  metallic  interstitial  form,  on  the  contraiy,  as  applied  in  accordance 
with  the  provisions  described,  the  necessity  for  cleansing  operations  of  this 
nature  is  almost  entirely  removed :  for,  independently  of  the  non-absorbent 
properties  of  iron,  and  the  absence  of  the  glutinous  and  slimy  surface  occasioned 
bj  the  growth  of  minute  vegetable  and  animal  life,  so  inseparable  from  stone ; 
the  position  in  which  the  various  features  are  placed  in  relation  to  the  walls 
(at  mrious  angles,  according  to  their  office  or  character),  at  a  clear  distance 
iu  advance  of  the  surface,  is  calculated  to  effect  the  continual  cleansing  and 
washing  of  thei?  interstices,  through  the  natural  action  of  wind  and  rain. 

The  Third  Primary  Principle,  or  treatment  in  close  connection  with  the 
first  primary  principle,  and  in  contrast  with  the  second,  manifested  in  me- 
dallic  low  relief,  or  intagUe  form,  or  repouse  work,  and  generally  in  obedi- 
ence to  the  manipulative  requirements  and  thickness  of  the  plates.  This, 
though  mvolving  no  invention,  constitutes,  with  the  second  principle,  two 
distinct  eharacters  of  form  to  that  of  the  one  principle  of  relievo  form  in 


BdttLtl 


masonry,  although  in  the  decontious  of  that  systun  thzse 
of  relievo,  viz.  basso,  meao,  and  alto-reKoro,  an  KK^jlaft 
tinct  principles  are  demanded  for  the  adeqaate  aiditteMBnl  «q 
metallic  powen,  peenliarities,  and  reqnireioenta  ia  Itob  wahHntM 
Tht  Fourth  Priman/  PriiunpU  is  manifested  in  th«  soMftatit 
or  light- admitting  longitadinal  coTerod  way,  in  snbfltitatian  sad 
Ibr  the  colunmar  portiao.  colonnade,  and  ai'cadfi  in  the  HB^Hit  ^fiuai;  m 

also  in  tha  if- 
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wallaioiinft^ 
ports    for    •» 
tuning  iwAtt 
bnildingBofBacl 
-ia  extent  as  to  n- 
'fh  quire,  in  the  ma- 
sonic   arts,  the 
constmctiaa  of 
expendre  pisi 
and  columiiB. 
rie. ».  Forms  and  n- 

rongemcDta  of  this  description  offer  peculiar  adTontages  in  application  to 
railway  termini  and  platforms ;  pnhlic  entrances  and  covered  ways,  perfcdlj 
lighted  and  ventilatod,  for  streets,  tlicatres,  and  other  extensive  bnildiogi 
for  pnrposcs  of  exliibidon  or  assembly;  terraces,  conservatories,  state  sjan- 
meats,  &c.. 

'lite  Adi-'intaget  E]>cciall;  resulting  from  the  application  of  the  anspensoa 
principle  are  nnincroua.  They  aflbrd  the  shelter  of  roofs  from  rain  andsnn. 
without  the  obstruction  of  light,  eut.  and  view,  and  the  saving  of  the  entin 
space  nanolly  occupied  by  piers  and  columns ;  which  are  generally  safit 
frequently  highly  dangerona,  as  in  some  of  onr  lailway  constructjons,  ui 
rarely  needed  in  iron  architecture,  which,  in  obedience  to  the  hitherto  us 
developed  powers  of  tlie  raaterial,  admits  tlie  ntmoat  liberty  of  invenliis. 
restrained  only  by  obedience  to  tliose  general  laws  which  alike  goven  iD 
aonstnictive  art.  It  also  offers  a  facility  for  carriages  to  aet  down  and  tab 
up  passengers  entirely  nuder  cover,  and  not  beyond  the  roof  of  the  portiiw; 
the  saving  of  all  expense  in  piers  and  columns ;  capacity  for  the  attainnKnt 
of  every  variety  of  grace,  lightness,  and  elegance  in  effect,  from  the  hn- 
monions  introduction  uf  colour  and  resplendence,  combined  with  the  du 
exhibition  of  those  powers  and  properties  which  dutingniah  metal  btn 
stone  and  timber. 

On  the  Apjilieation  of  tht  Fourth  PrincipU. —It  Is  a  rigidly-obMrrad  Im. 
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especully  thiou^out  the  highest  productians  of  nature  as  ia  those  of  art, 
that  ont  of  Hie  primaiy  generic  piinoiple  iasne  Uioae  which  are  of  a  secondar; 
idiaracter.  However  important  those  secondary  ones  at  timeB  become,  Uiej 
are  erer  harmonious  with  that  of  the  parent  principle. 

The  entrance  into  a  different  world  of  conBtaiotiou,  wherebj  the  relin- 
qoiahment  of  the  dead'Weight  vertical  presauie  upon  the  earth,  unavoidable 
in  the  ancient  materials,  and  bo  fatal  in  earthquakes ;  and  tha  necesaarily 
embracing,  amongst  others,  that  distinguishing  proper^  of  the  new  and  life- 
like materials,  of  horizontal  thmst,  in  predominance  over  that  of  vertical 
preaaure.  In  the  more  onamental  forms,  featiires.  and  inventions  of  the 
aacoud  principle,  thoogh  there  is  seen  to  issne  the  like  reqniied  abandonment 
of  the  heavy  stone  basso-relievo  form,  and  solid  geometric  quantity,  yet  even 
here  the  nobleness  and  (in  its  own  peculiar  way)  the  subiimities  of  architect 
tore  are  preserved  In  the  more  important  assemblage  of  forms,  features,  and 
inventions  of  this  Iburth  principle,  solid  geometrical  qnantity  may  be  fitly 
said  to  be  described,  rather  thaq,  as  anciently,  embodied. 

ITit  F^th  PiimaTy  Prineiple  consists  in  the  general  substitution  of  carves 
at  jnnctions  to  the  ubnost  extent  conaistent  with  economy,  throughout  the 
pinoaty  parts  and  apertnies  of  . 
bnil/dings,  in  craitradifl^ction  to-^  " 
the  angular  forms  ao  prevalent  in  ~ 
all  erectiona  in  masonry.  The 
affinitiM  of  this  general  character 
at  form  are  existent  in  those 
orders  of  natural  stmctore  where- 
in the  analogies  of  metallic  s^c- 
tares  are  found  to  reside,  in 
which  ntili^  the  most  compre- 
hensive, and  beauty  the  most 
perfect  are  manifested ;  and  from 
the  example  of  which  the  other 
distinctive  princ^les  of  the  qrs- 
tem  are  derived. 

Tht  Adfoantagei  of  this  prin- 
eqtle  are,  increased   cleanliness  ^.dt. 

from  the  absence  of  dirt  and  moisture,  which  accumulates  in  receding  ai^nlar 
forms;  greater  otmvenience  from  the  absence  of  the  acute  projections ;  in- 
cxeaaad  suitability  to  the  economy  and  properties  of  metal,  by  the  avoidance  of 
all  tendency  to  corrode,  common  to  receding  angles  in  constaictiona ;  less 
liabili^  to  injurious  effeota  from  contraction  and  expansion;  and  capacity  for 
increaaed  beauty,  from  ita  nearer  approximation  to  the  highest  order  of  form 
in  oonstruction. 

On  the  Appliaatim  of  tht  Fifih  PriwipU.-^Oa  the  subject  of  non-angular 
fbnn,  the  &ctB  and  arguments  advanced  in  the  author's  various  puhlications 
■n  tend  to  this  result,  that  as  in  art  (to  spea^  abstractedly  of  lines  and  forms) 
the  non-angular  or  curved  fbrm  is  anperioi  in  almost  every  respect  to  that 


<<\i.n:Ek     TIi;i  reiriri  x  'uu  asc-jitiL  mnan  oaserratnms  are  contsined  in  ^ 
^r^  .';.:s::»  ^  ip:.ii;XL^sae    a£S3L  pzizus^Itf  :  bos  dLese  requirpmefrtit  en 

Z'lt    ;nxacri«:   i  sC"XL-taz»  jl  nrjn.  scixitecmre  most  be  azialogmis  vitli 

;.^    :  T^    ^"^  ssrsLtoie.  ikalxn^  <i:»  ^  l^^^  ^-^  ^  TnnrdTml  adapted  lor  elabo- 

^.^  'z.  n  lit"  '.Ixsi  :i  ^iII^^CK  j£  ±azmii^  panels,  aad  tenszle  beams.    It  nmst 

■-  sir-.  ^-^  -I  jaznti-^v  X2L  JOiL  -pujatHimz     Veztical  pillazs  or  supports  of 

1^    r  Tr';icc*i^  ;r  z  jrs  ."jimtniTed  j^»m*arii  ihe  anr&ce  of  the  groimd  hf 

z*.i    r  '.  uziia^s  ^l^iK^  Msid  J*'  auEizuncil  beams  at  ccsreBKiit  interrsls, 

^ivw-ii^  7n'r^n!Li::kL    uxiicida^     TS%9  auLu  piQazs  and  beams  mar  be  sob- 

w^^ut'i.   :^'  isiaJ^r  jiiLrseccL  ns :  jt  uie^  aiaj.  &r  e&ct  and  strength,  be 

:t*  u:>-i  A^t-naa-i^  jr  aeariy  incIimuM.  Lin?  these  intezsectioiia  the  paneh 

i.^'  u  ?«:  ji^siirx-a  SL  -^CTfinmu.  2rx'vi».  :iie  iraneLs  bein^  doable,  and  katiag 

ui  u:  ^x^-n  Jt  ^:iair  jr  jiss  :fm:iEaess  between  them,  with  proWskai  for 

it^io::;:  uiij  iir.  :ia%:u  imi  ^ttcicni&ry  in.  ccui  weather,  and  cnzxent  in  wum 

n:-ad:cr  r;  ^vmL'tiu^ia:^  xc  cvaL  j^  :i  2cn-%"endiiii:Gng  medinm  retaining  tbe 

i«.-jc  in  -iiti  *,>mliiiz:;  ind  <.*:trT7  :if  Iieat  bj  the  cooling  process  of  free  tir 

riciiin  tiic  icaoLe  ttLI     W^rs  ^  :i^iirtments  fined  widi  noit-ccmdiictiDg 

iiaccrb&I:;.  r!'.*  pn:v::»u?a  xx  liii^iSKd  :iir  wooLi  not  be  necesaarj. 

rhe  wi«:is  3XUT  ce  H  clsz  •:t  wrjiXi;hc  iron,  though  wioogikt  will  be  pR- 
fiiriou*  scr  ;he  I^:•Icatl:«s  woich  iz  combmes  with  strength.  Occasiontltf 
$Zaa!  cr  rorKliiia  3ti^t  be  Tcsed.  e^fpecialrr  ^r  interiors ;  and  the  sorfiices  of 
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itf  sen*  afpeciallr  Tmiitnr  c!te  bi*ai  c£  Seemxd  Pnacxple  tbat  the 
%» tliv*  lather  zhv  h^Ci  oc  pa:dic.     Tlie  ok  of  aar  arvhitectooie 
Utf  esscatu&Is  ot  tbc  ^rlzLci^ue.  is  iLk  those  of  tiie  Foaxth  Pkiiiemle«  aze 
ti.*rv.  oKQ  to  pruBLLKuoos  3ae.     Ptv&KiaiuI  gentlemen  and  others  dcrigoas 


of 


lajt  t&e  iwfr—ftiyM  of  tbe  srsUm^  mar  comBraakate  wish  Mr.  Tok  FS^Kt,  SS^ 
J^frnTw-atRet.  Laadoa. 
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tiie  panels  con  bo  cast  or  embossed,  and  adorned  with  devices  and  ornamental 
work  analogous  to  the  purposes  of  the  building,  varying  the  design  to  suit 
the  inside  and  the  outside.  The  same  principle  of  structure  will  apply  to 
the  roofs  and  the  floors;  with  this  difference,  that  the  ceiling  plates  and 
flooring  plates  may  be  laid  on  the  horizontal  surface,  instead  of  being  grooved 
in  like  the  walls.  The  ceiling  plates  should  be  formed  by  enclosed  panels, 
the  apex  in  the  centre  of  each  serving  as  a  ventilating  orifice  between  the 
ceiling  and  floor ;  and  the  hollow  space  in  the  walls  and  in  the  floors  scr\'ing 
to  contain  tlio  chinmey  and  warm-air  pipes,  conveying  air  to  any  part  of  the 
floor  or  wall  where  it  may  be  required. 

The  plate  cases  can  be  of  light  ornamental  structure,  and  thus  in  the 
building  itself  there  need  be  no  combustible  material.  But  it  is  advisable 
that  the  surface  of  the  floors  should  be  of  non-conducting  materials,  and  yet 
a  part  of  tlio  structure.  The  simplest  mode  of  accomplishing  this,  is  by 
xneans  of  a  moveable  parqueterie  arranged  in  triangular  forms,  supported  on 
the  extreme  points  or  feet,  and  standing  hollow  on  the  floor  below.  These 
can  be  made  of  lip:ht  angle-iron  frames  boarded  with  wainscot,  of  very 
beautiful  patterns,  and  of  great  variety,  capable  of  being  changed  from  time 
to  time.  By  small  openings  between  the  edges  of  the  frames  a  provision 
may  be  made  for  dust  to  descend,  which  may  bo  cleared  away  at  intervals 
by  taking  up  the  carpets,  or  other  coverings  laid  on  the  parquet  flooring. 

It  may  not  be  out  of  place  here  to  describe  an  iron-framed  and  slate- 
slab  house  which  was  built  by  ^Ir.  George,  and  satisfactorily  tested.  The 
house  was  about  24  feet  in  length,  by  13  feet  in  width ;  of  two  floors,  with 
two  rooms  on  the  lower  floor  and  two  on  the  upper ;  the  whole  quantity 
of  wrought-iron  (there  was  no  cast  used)  was  between  H  and  2  tons ;  the 
quantity  of  slate-slabs  about  27  tons — walls,  floors,  ceilings,  roofs,  stairs, 
chimneys,  doors,  &c.,  being  all  of  tliis  material :  the  whole  structure,  with 
the  exception  of  the  gloss  for  the  windows,  being,  in  tliis  instance,  limited 
to  these  two  materials.  The  weight  of  a  brick-and-mortar  and  Uled 
house  of  like  dimensions  would  be  about  120  tons,  or  four  times  that  of  the 
•late  house.  If  the  house  hod  been  panelled  witli  iron,  it  would  have  been 
of  considerable  less  weight.  The  space  occupied  by  tlie  double  walls,  with 
the  air-chamber,  was  2J  inches.  The  outside  walls  were  composed  of  1-inch 
thick  slabs,  upwards  of  8  feet  high,  and  3  feet  D  inches  wide;  the  inside 
wall  slabs  were  about  fths  in  tliickness:  so  that  tliis  small  structure  of 
wrought  iron  framings,  panelled  in  with  slate-slab,  almost  rivalled  a  con- 
struction of  iron  only.  It  was  put  together  on  the  dove-tail  principle,  with- 
out the  use  of  pins  or  screws ;  and  when  prepared,  a  few  days  would,  and  did, 
suffice  for  its  erection.  The  inventor,  Mr.  Joseph  George,  did  not,  in  this 
instance,  perfect  it ;  yet  it  is  valuable  as  leading  tlie  way,  and  showmg  one 
method,  of  the  smallest  and  most  economical  possible  use  of  the  great  staple 
material  of  the  new  system. 

Here  was  a  construction,  fire-proof,  undecaying,  formed  like  a  box,  bound 
together  at  the  foundation  as  well  as  roof,  and  of  such  stability,  that 
if  exposed  to  the  most  tremendous  earthquake,  even  if  thrown  upon  its 
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beam-ends,  it  would  have  everj  proapecl  of  remBiuing  iminjared — «  peri 
contrast  to  brick  and  stone  ereotiona,  which  exiat  by  means  of  vertuail  p 
aura  upon  tho  earth,  while  those  of  iron  exiat  hj  honzuctal  thnst.  T 
oonBtruction.  if  a  humble,  ^-hh  lui  honest  buililicg.  The  builder  sajs.  v 
all  its  advautages,  he  can  produce  it  cheaper  than  brid.    The  histur 

3  house,  untiniahcd,  would  furnish  on  eloquent  lesson  for  the  patili< 
think  upon  aa  well  as  act  fur  themselves,  if  we  had  space  (o  dwell  apou  i1 

About  I6SCI,  a  granary  was  erected  for  tlic  use  of  the  Queen's  stud,  vl 
mnj  bo  seen  at  Cumberland  Lodge,  in  VTiudsor  Park,  of  nroughtinn 
elate  slab.  It  was  elevated  upon  brick  to  the  height  of  the  floor  of  awig] 
wliich  was  not  a  neceasarj'  part  of  the  construction;  while  tlie  impei 

er  wall  was  of  wood.  But  tliis  constiuclion.  when  perfect«d,  is  Clfn 
of  application  to  works  of  magnificence,  as  the  writer  lias  applied  it  in 
designs  for  a  clinrch.  It  must  be  stated,  tliat  in  the  granary  the  estret 
mill  quantity  of  iron  used  was  such,  that  the  builder  had  t«  tely 
rigidity  and  slii&css,  to  a  very  oanaiderable  extent,  upon  the  panelling.  ' 
compelled  him  to  £11  in  his  panelling  simnltsneODaly  with  the  erection  d 
framiug — ft  mnnnor  of  construction  which,  thnngh  capable  of  intprerreni 
has  certainly  not  the  adTantn^e  of  that  judicious  use  of  cast  with  wrot 

a,  exemplified  in  the  previous  erection  of  the  skeleton  or  training,  as 
appropriate  law  of  a  truly  architectural  work. 
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CHAPTER  XXV. 

IBON-WOSKIKO   IN    ITS  APPUCATION   FOB   USE   AND    ORNAMKMT. 

Cl«ii«nd  Binn«Tlnf. — The  preceding  treatises  liave  hitherto  dealt  more 
IMurticiilarlj  with  tlie  manufacture  of  iron,  and  its  application  to  the  construc- 
tion of  those  great  works  which  have  earned  for  our  country  a  reputation 
bounded  only  hy  the  limits  of  the  world  itself.    England  is  emphatically 
the  emporium  of  iron  manufacture;  and  in  every  land  are  the  products  of  her 
manufactories,  and  tlie  labours  of  her  artizans  in  that  metal,  to  be  found.   It 
has  been  remarked,  that  the  extent  of  the  production  of  iron,  in  connection 
irith  the  skill  with  which  it  is  worked,  is  a  true  index  to  the  civilization 
and  intelligence  of  a  country.     If  you  want  to  arrive  at  this,  learn,  says 
Chevalier,  if  much  iron  is  consumed ;  look  at  its  tools,  utensils,  and  ma- 
chinery ;  examine  what  figure  iron  makes  among  them ;  and  if  these  are 
ttninerous,  soUd,  and  well  made, — ^if  iron,  whether  cast  or  forged,  or  con- 
Terted  into  steel,  enters  largely  into  their  construction, — if  the  workmen 
who  use  these  do  so  with  facility,  if  they  keep  them  in  good  order, — ^then,  if 
such  is  the  case,  you  may  with  closed  eyes  declare  that  the  nation  the  arti- 
sans of  which  can  do  so  is  advanced,  very  far  advanced,  in  industry.    If,  on 
the  contrary,  the  consumption  of  iron  is  limited, — if  the  iron  tools  are  badly 
roBde,  and  if  in  the  machinery  or  apparatus  iron  is  but  sparingly  used,  and 
then  in  connection  with  bad  workmanship  and  inferior  finish — declare  that 
that  nation  is  behind  the  age,  and  must  be  classed  in  an  inferior  rank.    By 
patience  and  perseverance  a  few  branches  of  industry  ministering  to  luxury 
may  achieve  perfection ;  but  in  general  its  position  will  be  only  secondary  and 
its  production  limited,  the  tools  inferior,  the  machinery  bad  and  defective : 
deprived  of  such  comforts  as  flow  from  cheap  production,  consequent  upon 
goperior  tools  and  the  cheap  raw  material  of  which  these  are  made,  the 
population  will  be  comparatively  miserable.     Great  and  skilful  as  many 
comparatively  uncivilized  nations  are  in  the  manipulation  of  gold,  silver,  and 
precious  stones,  it  is  the  subject  of  remark  how  very  crudely  made  and 
inferior  are  the  examples  of  iron-working,  where  such  are  to  be  found  fabri- 
cated by  the  workmen  of  the  country ;  objects  resplendent  with  gold,  show, 
where  portions  of  iron  are  introduced,  that  these  are  crudely  made,  rough  on 
the  sorfece,  imperfectly  welded,  unequalin  thickness,  and  covered  with  hammer 
marks.    These  defectis  are  traceable  to  their  having  but  little  iron,  and,  as  a 
conseqxience,  being  comparatively  ignorant  of  the  art  of  working  it.    The 
Age  of  Iron,  of  which  poets  have  written  so  disparingly,  is  not,  then,  after  all, 
the  hard,  unfeeling,  cold  material  age  which  they  have  visioned  forth;  but  is 
one  of  increaied  comfort  and  happiness  to  the  thousands  who  live,  move, 
and  work  under  its  benign  auspices.    England  without  her  iron  would  only 
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occupy  an  inferior  positiou  among  the  nations.  Take  from  her  her  ndlroads, 
which  spread  Hke  net-work  over  the  length  and  breadth  of  the  land ;  her 
locomotives  which  traverse  them ;  her  enormous  iron  tubes  which  span  the 
estuaries  of  the  Menai  and  the  Conway ;  her  iron  steamers,  which  bridge  the 
seas ;  her  stationary  steam-engines,  which  endow  with  vitality  millions  of 
spindles  in  Lancashire  alone,  and  give  Ufe  and  motion  to  thousands  of  in- 
genious machines  in  Warwickshire  and  Staffordshire;  her  Crystal  Palace, 
which  glistens  in  the  morning  sun  on  the  heights  of  Sydenham:  without  her 
iron,  untiUed  would  remain  much  of  the  land  on  the  surfieu^  of  the  globe; 
rank  vegetation  would  cover,  choke  up,  and  place  a  limit  to  the  fertihty  for 
useful  purposes  of  the  fairest  regions  of  the  eartirs  surface :  the  ore  would 
sleep  in  the  darkness  of  the  mine — ^the  wild  beasts  of  the  forest  roam  over  the 
prairie  and  prowl  in  the  jungle,  contesting  their  empire  with  that  of  man 
himself ;  millions  of  doors  would  remain  unfastened ;  thousands  of  applianoei 
which  are  used,  and  are  now  essential  almost  to  the  very  existence  of  mat- 
kind,  would  be  denied  them.  In  the  production  of  these,  England,  thanks  to 
the  abundance  of  her  iron,  has  so  succeeded  in  acquiring  the  means  of  chea^j 
making  them,  as  to  secure  a  market  for  her  products  in  that  material  in  every 
quarter  of  the  world.  With  these  remarks,  we  proceed  to  direct  attention  to 
the  manipulation  as  employed  in  the  making,  manufiEUsture,  and  practical 
application  of  iron  to  the  smaller  articles  for  use  and  ornament  formed  firom 
that  invaluable  metal. 

BKanipulation. — ^Iron  may  be  worked  in  two  different  ways ;  namelj, 
it  may  be  run,  when  melted  into  a  fluid  state,  into  spaces  formed  in  sand  by 
the  use  of  patterns  or  moulds,  which  leave  their  impress  in  it ;  and  in  ita 
malleable  state  it  may  be  hammered  or  forged.  In  cither  case  a  considerable 
amount  of  manipulative  skill  is  required ;  and  just  in  proportion  to  the  prae- 
tical  knowledge  and  skill  of  the  workman  employed,  is  the  excellence  of  the 
workmanship  produced. 

At  page  20'6  will  be  found  a  general  description  of  the  process  of  founding 
and  moulding  in  the  various  branches  of  open,  green,  and  dry  sand,  as  alao 
the  formation  of  loam  moulds;  the  methods  therein  described  give  an 
excellent  idea  of  the  principles  of  moulding  employed  in  the  formation  of  the 
larger  examples  of  iron  castings. 

The  casting  and  moulding  of  smaller  works  is  performed  in  identically  the 
same  manner,  the  only  difference  being  the  adoption  of  a  finer  sand,  and  in 
greater  attention  being  paid  to  the  "  facing."  When  the  object  desired  is  of 
an  ornamental  kind,  its  surface  is  covered  with  minute  details,  the  result  of 
the  united  labour  of  designer,  modeller,  and  chaser.  In  Chapter  X.  the 
works,  the  moulding  of  which  are  therein  described,  are  large,  and  require 
solidity  rather  than  smoothness  of  skin  as  a  first  requisite :  for  such  the 
patterns  are  formed  of  wood ;  but  for  smaller  and  more  ornamental  castiDgB, 
the  models  or  patterns  are  usually  made  of  block  tin,  any  alloy  of  tin  wad 
lead,  or,  what  is  better  still,  of  brass — the  advantages  possessed  by  the  latter 
material  over  the  first  being  its  hardness  and  its  fitness  for  preserving 
the  "  matting  "  or  "  chasing"  when  such  is  introduced.     It  also  assiiits  in 
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retaining  the  sharpness  of  the  edges  of  the  ornament  nnder  the  abrasion 
arising  from  its  frequent  removal  from  the  sand ;  and  in  patterns  of  a  slender 
and  delicate  kind,  it  is  less  liable  to  the  distortion  which  would  follow  any 
accidental  blow  which  it  might  receive  while  undergoing  the  process  of 
moulding.  Brass  is  also  superior  to  iron,  as  being  less  liable  to  sweating, 
less  liable  to  encourage  the  damp  arising  from  the  sand  in  the  formation  of 
the  mould,  and  which  induces  the  adhesion  of  the  sand  to  the  model — a  con- 
tingency which  it  is  well  to  avoid  as  much  as  possible.  Every  iron-founder, 
however,  has  in  his  pattern-room  a  considerable  amount  of  value  in  iron 
patterns,  which  if  made  of  brass  would  form  a  very  con^derable  amount  of 
sunk  capital;  this  consideration,  doubtless,  determines  in  many  instances  the 
adoption  of  iron.  Another  kind  of  pattern  is  formed  of  wood,  with  the  orna- 
mental portions  of  metal ;  these  are  stuck  on  the  wood  foundation  with  spikes 
or  screws.  It  may  be  here  remarked  that  ornamental  patterns  of  metal  for 
grate  or  stove  fronts,  fenders,  and  railings  of  various  kinds,  are  not  usually 
matted,  but  require  to  be  made  smooth  by  a  scraper.  By  whatever'means, 
or  out  of  whatever  material,  the  patterns  or  models  are  made,  their  end  and 
intention  are  the  same, — ^viz.  to  form  an  impression  in  the  sand,  a  matrix 
or  cavity  into  which  the  melted  metal  is  to  run. 

In  considering  the  casting  in  copper  and  its  alloys,  the  various  processes 
pursued  in  the  construction  and  preparation  of  the  moulds  or  patterns  of  an 
ornamental  kind  will  be  explained  at  length ;  for  the  present  we  will  presume 
that  the  pattern  is  made  and  placed  in  the  hands  of  die  moulder,  whose  part 
it  is  to  take  a  perfect  copy  from  it.  There  is  little  difficulty  in  accomplishing 
this  if  the  subject  is  of  a  simple  kind,  such  as  an  ornamental  panel  in  low 
relief,  with  eveiy  portion  of  the  ornament  tapering  outwards,  and  presenting 
no  portions  which  are  either  quite  perpendicular  or  overhanging :  perpendicu- 
larity increases  the  difficulty  of  removal,  and  overhanging  portions  tear  the 
sand  away,  yrhere  the  subject  is  in  alto,  or  frill  relief,  as  in  figures,  animals, 
foliage,  or  flowers,  there  is  great  difficulty,  and  a  veiy  considerable  amount 
of  skilfrd  manipulation  required ;  in  truth,  it  can  only  be  accomplished  by 
increasing  the  number  of  pieces  of  sand,  or  building  up,  bit  by  bit,  the 
mould  by  means  of  what  is  technically  called  "  false  cores  :'*  what  these  are 
will  be  best  understood  by  referring  to  the  cut  of  the  pulley  moulds  at  page 
200.  It  will  there  be  seen  that  the  cavity  or  groove  in  which  the  cord  is 
intended  to  work,  could  not  be  taken  from  the  sand  in  the  mould  were  it 
simply  imbedded  in  the  sand  of  a  two-part  casting  box,  and  were  the  pattern 
in  one  piece,  because  it  could  not  be  removed ;  or  in  the  removal  that  portion 
oil  the  sand  which  fills  the  groove  in  the  mould  would  be  torn  away  in 
attempting  its  release,  and  instead  of  a  groove  we  should  have  a  solid  mass 
of  metal :  this  is  obviated  by  the  construction  of  the  pattern,  which  is  in 
two  parts,  separating  iu  the  centre,  and  fitting  together  by  means  of  a  pin. ' 
The  sand  which  forms  the  mould  is  in  three  portions  or  masses,  two  of  which 
form  the  parts  corresponding  to  the  sides  of  the  pulley,  and  the  third  the 
groove.  It  is  by  the  multiplication  of  separate  portions  of  sand  or  "  fiftlsc 
cores,"  eoxxesponding  to  that  which  forms  the  groove  of  the  pulley,  that  the 
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moulding  of  complex  caitiiigB  of  i&  omuMntal  Had  ii  fgeetBd,     K  §m 
example,  wa  denxe  to  produce  a  moidd  from  a  flgoni  ia  ftittiilirf.whf  ftt 
drapeiy  repiesented  IB  in  deep  IbldB,  and  tlia  anna  aCasd  oHfc  fraat  ttaVoily; 
it  must  be  evident  that  at  the  aidaa  the  and  would  ba  to^  aEvay  hy  Ai 
folds  of  the  drapery;  and  tlie  eama  leanlt  woald  IbDoirwifih  AaftfoatiaBtf 
the  sand  which  filled  np  the  apaoa  between  Iha  anna  and  Iha  IMIji  %m 
is  obviated  by  the  pattern  being  ao  eonatraetad  that  ift'eaiiaaaQfaiidna4f 
be  put  together  or  taken  to  pieoea  when  in  the  amd.    Tba  diajjiaij,  agriii 
presents  an  obstmetion ;  bat  here  the  "fUae  eom"  ajatum  oobob  Into  fk^ 
and  piece  after  piece  of  sand  ia  added,  mta  Iha  iHiola  of  Iha 
mould  is  covered.    The  conatatency  to  wUeh  tha  and  ia  haoo^il^ 
cohesive  properties,  permit  of  the  lepanlioii  or  liftiiig  awi^  of  Ihaaa  ** 
cores/*  and  the  removal  of  the  pattern;  when  Ihaaa  aza  aydn 
in  their  proper  sitoationa,  and  tha  SKvald  doaod.     Ika  oarcftil  joiaiBg  tf 
these  "  cores*'  is  a  matter  of  very  great  hnpoiitaiiioa,  fai  oader  ta 
good  work  with  as  little  ronghneia  at  the  Jvndiona  of  tha  aavas 
pieces  of  sand  as  possible.  Thit  atoadineai  qfthaae  coaaa  when  laid  iaiiila 
a  matter  of  moment:  did  one  of  these  project  too  moch  into  the  matrix, t 
hollow  or  imperfection  would  be  shown  in  the  casting ;  on  the  contrary,  wen 
one  of  tlieso  to  move  accidently  too  far  back,  when  the  box  is  prominently 
closed,  a  rotundity  would  be  the  result :  in  either  case,  there  would  be  ta 
imperfection  in  the  casting. 

In  ornamental  examples  of  iron  casting,  it  is  much  more  necessary  that 
these  should  be  cast  more  together  or  complete  than  in  either  brass  or  broozt 
casting.  In  the  latter,  separate  pieces  may  be  attached  by  means  of  hui 
solder ;  but  the  iron-founder  cannot  apply  hard  solder :  he  can  only  han 
recourse  to  pins  or  screws  to  form  his  attachments  where  he  casts  his  work 
in  pieces.  If  we  take,  for  example,  the  model  of  a  horse  or  stag  standing 
upon  its  four  le^^rs ;  in  either  case,  the  trunk  of  the  animal  could  be  ctsi 
separately,  the  legs  also  separately,  and  these  might  be  screwed  into  tiieir 
proper  places.  For  purposes  of  sale,  no  doubt  the  above  method  is  by  iu  the 
most  economical  of  time ;  but  viewed  as  a  hona-fids  exemplification  of  the 
moulder's  art — and  this  is  what  is  being  aimed  at — ^the  attachment  of  the 
extremities  by  means  of  screws  takes  away  from,  and  reduces  very  consider- 
ably, the  merit  of  the  work.  In  the  admirable  castings  of  an  ornamental  kind 
produced  by  the  Colebrookdale  Company,  and  of  the  smaUer  class  of  woik, 
as  many  as  1 50  cores  are  used ;  and  the  time  consumed  in  the  preparation  d 
the  mould  extends  to  eight  or  ten  days  in  each  case.  One  of  these  cozes, 
introduced  in  a  careless  manner  out  of  its  proper  position,  would  certamly 
render  valueless  all  the  time  and  labour  expended.  To  produce  good  cast- 
ings, tlie  principal  requisites  are  these : — ^A  good  and  wdl-made  pattern ;  if 
ornamental,  or  where  there  are  parts  in  full  relief,  that  these  parts  shoold 
be  so  mode  that  they  may  be  alike  easily  removed  and  replaced,  and  at  fiie 
present  time  show  no  marks  at  their  junctions;  that  where  prints  are 
introduced,  in  order  to  rest  cores  upon — not  false  but  real  cores — snch  as  serve 
to  lighten  the  casting,  as  in  the  body  of  a  horse,  which  may  thus  ba  cast  hoUoir, 
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such  cores  require  to  be  so  much  smaller  in  every  direction,  as  to  produce 
the  thickness  of  the  metal  desired,  on  its  being  run  into  the  space  left 
between -the  core  and  the  outer  impression  produced  by  the  pattern. 

It  is  necessary  to  obseire  that  these  prints  are  so  placed  as  to  allow  a 
aeente  rest  for  the  core  laid  in  them ;  the  sand  should  be  of  a  fine  tenacious 
quality,  which,  when  pressed  into  the  moulding-box,  will  cohere  together, 
and  at  the  same  time  allow  the  damp,  which  is  generated  by  the  heat  of  the 
melted  metal  poured  into  tlie  moulds,  to  escape.  The  workman  must  be 
possessed  of  patience  and  perseverance,  of  much  mechanical  ingenuity,  so  as 
to  be  able  to  detect  the  causes  of  failure  when  the  pattern  does  not  leave 
the  sand  in  a  smooth  manner.  Any  tearing  away  of  tiie  edges  of  the  mould, 
the  skilful  moulder  will  at  once  perceive  has  arisen  either  from  his  negligence 
in  sinking  the  model  below  its  proper  line,  or  from  an  error  on  the  part  of  the 
pattern-maker.  This  error,  once  detected  and  corrected,  should  not  occur 
again,  and  be  attributed  to  the  modeller. 

The  method  more  commonly  in  use  in  iron  castings,  where  a  smooth 
Bwcbice  is  desired,  is  to  ''  fsuse"  the  mould,  as  it  is  technically  called  by  the 
workman ;  that  is  to  say,  cover  the  pattern  with  a  layer  of  fine  sand,  known 
as  "  facing  sand  ;*'  the  remainder  of  the  box  being  filled  up  with  a  sand  of  a 
coarse  and  freer  consistency,  which  facilitates  the  escape  of  air.  In  addition 
to  this,  it  is  not  unusual  to  remove  the  pattern  or  model,  and  dust  the  im- 
pression with  powdered  charcoal — a  charcoal  formed  from  burnt  wood,  and 
Teiy  finely  ground ;  to  re-introduce  the  pattern,  and  apply  additional  pressure ; 
and  after  finally  removing  the  pattern,  increased  smoothness  of  sur&ce  and 
fineness  of  tcxtore  will  be  found  to  be  the  result  of  this  practice.  In  our  own 
experience,  we  have  seen  many  excellent  and  valuable  castings  spoiled,  and 
mnch  valuable  time  wasted,  by  neglecting  to  provide  free  exit  for  the  air  and 
moisture.  Anotlier  defect  in  castings  not  unfrequently  arises  from  what  is 
called  the  *'  washing  '*  of  the  sand ;  t.  e,  the  sand  not  being  sufficiently  tenacious 
or  adhesive,  the  sharp  edges  of  the  impression  are  carried  away  or  defaced  by 
the  action  of  the  fluid  metal  in  its  progress.  Tlie  consequence  is,  that  in  addi- 
tion to  a  want  of  sharpness  in  the  cast,  there  is  a  roughness  arising  from 
the  minute  particles  of  sand  so  washed  pitting  the  surface.  These  defects 
would  be  at  once  recognized  by  a  competent  judge,  and  the  casting  in  which 
they  were  evident  would  be  at  once  rejected.  The  old  method  of  casting  such 
articles  as  stove-fronts  and  portions  of  fenders,  with  a  two-part  box  or 
moulding-flask — namely,  filling  up  the  first  half,  laying  on  it  the  pattern  of 
such  articles  as  have  already  been  named,  and  after  the  application  of  the 
parting  powder,  making  up  the  second  half  of  the  box  or  flask — is  a  process 
which  had  long  been  practised  witiiout  improvement,  until  very  recentiy, 
when  Mr.  Jobson,  of  Dudley,  invented  and  patented  a  method  by  which  the 
moulding  of  simple  ornamental  castings  was  reduced  to  an  operation  of  the 
utmost  simplicity ;  greater  accuracy  being  also  secured,  and  the  perfection  of 
the  mould  vexy  much  increased,  the  castings  produced  therefrom  having,  at 
the  same  time,  less  "  fin"  or  roughness  at  the  edges,  and  more  uniformity  in 
thickness ;  while  the  chances  of  bad  castings  are  very  much  diminished.  The 
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workman,  who  has  simply  to  fill  in  and  baift  tha  nnd  into  tlie  hiKViifli 
placed  on  the  siudbce-bloekft— the  one  ooneqwinding  to  fha  Iroi^i  fbs  oOmt 
to  the  back  of  the  casting.  No  eaxe  is  xeqiiked  to  aeeoze  Hie  ■ribiaBOfilrf 
the  pattern,  as  it  is  stationaiy,  and  the  two  parts  of  fho  box  ham  dbnf^ti 
be  placed  together  when  completed.  Am  the  impKcnrement  la  an  Hpff"**^ 
one,  we  give  the  process  inexten$o. 

In  the  ordinary  plan  of  monlding  wilh  "  odd«de  iMXzea,"  the  paitaa  fr^ 
which  the  casting  is  to  be  made  is  imbedded  parUj  in  the  aandof  fhetopboi, 
or  in  an  odd-side  board  prepared  for  the  pvupose ;  the  bottom  box  ia  then  plaotd 
upon  it,  and  rammed  loll  of  sand,  imbedding  the  xest  of  the  pattern;  fto 
boxes  are  then  turned  over,  and  the  "  top  box**  or  "  oddrBide''  filled  oC 
leaving  the  pattern  in  the  sand  in  the  bottom  box;  "  parting  aand"  ii 
applied,  and  another  top  box  rammed  npon  it,  the  pattern  atiU 
between ;  the  boxes  are  then  separated,  flie  odd-aide  la  agpdn  pot  on,  Al 
bottom  box  tamed  over,  and  the.  pattern  left  npon  the  odd-dde.  Aite  Ai 
impression  of  the  pattern  in  the  sand  of  the  two  boxea  baa  been  eonnleht 
and  any  damage  done  in  removing  the  pattern  repaired,  the  top  box  ia  tgdi 
placed  upon  the  bottom  one  in  its  original  position,  and  the  preparation  for 
casting  is  colnplete. 

When  the  pattern  is  long,  and  very  thin  and  intricate  (as  in  the  case  of 
an  ornamental  fender  front),  where  the  general  surface  is  also  curred  or  ' 
"  winding,"  as  in  Fig.  08,  the  difficulty  of  picking  out  the  pattern  from  the 
mould  is  so  great  as  to  require  tlie  most  skilful  workman ;  and  the  length  of 
time  required  for  repairing  the  injuries  of  the  mould  is  such  that  eight  sets 
of  fender  castings  per  day  is  the  general  limit  to  the  number  that  can  bi 
moulded  by  a  man  and  boy.  But  however  difficult  a  pattern  may  be  to  mould 
in  the  ordinary  way,  if  it  is  arranged  to  *'  draw"  properly  from  the  mould  I 
by  the  new  process,  the  labour  is  very  little  greater  than  witiii  an  easy  pattani ;  ' 
and  the  saving  of  time  is  so  great,  that  as  many  as  thirty  per  day  are  moulded  { 
by  a  man  and  boy,  being  four  times  the  number  that  Uie  best  moulders  cm 
produce  by  the  ordinary  plan.  j 

When  the  pattern  is  long  and  slender,  it  is  liable  to  be  broken  by  the  fire- 
quent  handling  to  which  it  is  subjected  in  the  ordinary  process  of  moulding, 
and  the  expense  and  delay  caused  by  such  breakage  is  of  serious  asot- 
sequence  in  light  ornamental  work,  where  the  patterns  are  often  very  expen- 
sive ;  by  the  new  plan,  however,  this  is  entirely  avoided,  as  the  pattern  is  nerer 
handled  at  all,  except  in  the  original  process  of  moulding  to  form  the  lam- 
ming-blocks.  Wlien  tho  face  of  the  casting  is  required  to  be  particularly  well 
finished  (as  in  tho  case  of  ornamental  work),  a  brass  or  other  metal  pattern ii 
prepared  and  dressed  up  to  tho  degree  that  may  be  desired  in  the  castings, 
and  any  chasing  or  additional  ornament  put  upon  it ;  then,  after  forming  flie 
ramming-block  for  the  bottom  box  by  a  plaster  cast  from  the  pattern  in  tha 
manner  hereafter  to  be  described,  the  pattern  itself  is  made  to  fbnn 
the  permanent  face  of  the  ramming-block  for  the  top  box  (aa  in  Fig. 
08),  by  leaving  it  in  the  mould  when  the  plaster  is  poured  in,  ao  that  the 
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plaster  fonns  merely  the  parting  face  and  a  solid  back  to  the  pattern.  In 
this  case  the  iron  pattern  is  secured  to  the  cross-bars  of  the  box  by  several 
small  bolts,  screwed  up  to  plates  at  the  back  of  it ;  so  that  when  the  plaster 
is  poured  in,  filling  up  the  whole  vacant  space  of  the  box,  and  setting 

soHd  around  these  bolts  and  over  the 
nuts,  the  iron  pattern  becomes  so  firmly 
secured  in  the  box  that  no  ramming  or 
moving  to  which  it  is  afterwards  subjected 
has  any  chance  of  loosening  it. 
The  process  will  be  better  understood  by  referring  to  the  annexed  wood- 
cats,  wherein  Fig.  98  shows  the  pattern  attached  to  the  surface  of  the  ram- 
ming-block  or  bed;  from  this  is  made  the  ornamental  face  of  the  casting. 
Fig.  99  shows  the  ramming-block  for 
the  back  part  of  the  casting;  Fig.  100,  the 
two  parts  of  the  mould  closed  together ; 
and  Fig.  101,  the  section  of  the  mould- 
box,  showing  the  arrangement  by  which 
the  two  parts  of  the  box  are  held  steadily  together,  and  by  which  they  are 
made  to  register  correctly. 

In  this  plan  the  mould  for  the  face  of  every  casting  is  formed  from  the 

original  metal  pattern,  and  tlie  pattern 
itself  is  firmly  and  permanently  secured 
in  the  plaster  bed ;  so  that,  however  thin 
and  delicate  it  may  be,  there  is  no  risk  of 
injury  to  the  pattern  in  moulding  any 
number  of  castings ;  as  many  as  8000  have 
been  cast  without  injury  to  even  slender 
omamental  patterns  by  this  process.  In  forming  the  ramming-blocks,  common 
plaster  of  Paris  is  most  generally  employed,  as  being  the  most  convenient  and 
economical  material,  and  is  found  to  be  sufficiently  durable  for  general  work : 
many  as  4000  castings  have  been  moulded  from  one  pair  of  plaster-blocks. 
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When  a  greater  number  of  castings  are 
required  to  be  moulded  from  one  pat- 
tern, or  when  the  size  or  nature  of  the 
mould  renders  a  harder  face  advisable,  a 

metal  fsice  is  employed  for  the  ramming-  ^ , 

block  of  the  bottom  box,  or  for  the  part-  ^"1 

log  Bar£Eu^  of  one  or  both  blocks.   This 

is  formed  simply  by  running  into  the 

mould,  when  prepared  for  the  plaster,  a 

small  portion  of  metal,  consisting  of  zinc  hardened  with  about  a  fifteenth 

part  of  tin,  sufficient  metal  being  used  to  form  a  strong  plate  for  the  surfieu^e 

of  the  ramming-block,  and  the  rest  of  the  space  at  the  back  filled  with 

plaster  as  usual.    In  practice  it  is  more  convenient  generally  to  reverse  the 

mode  of  naming  the  metal  face,  by  first  ramming  the  box  full  of  sand, 

when  prepared  for  the  plaster;  then  lifting  it  off,  paring  off  the  surface  oC  t32k& 
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sand  wheierer  the  metal  is  wanted,  to  fha  tMfilmew  wUflh  IfcipdHMfti 
metal  should  be;  the  box  ia  then  fUtmd^  and  Oa  nwtol  npi  in.  Iha  ■>! 
is  now  removed  from  behind  the  metal,  and  ila  phoa  ran  fldl  of  flMlv 
of  Paris— whereby  a  solid  back  ia  made;  anagp  or  dovohtafl  Uodka  al  tti 
back  of  the  metal  Cue  secure  its  attabhrnent  to  the  pkurter.  Vaiioaanodii» 
tioDs  of  this  plan  may  be  adopted;  biitine?«ijQna  tba  ontirafluaaf  Aa  tie 
ramming  blocks  form  a  perfect oonntopart  of  Iha  intandad  oadiagiUf  bdln 
represented  upon  each,  suronnded  bj  parting  iMea  wUdi  ene^y  fit  mA 
other,  because  the  one  has  been  nouMed  from  the  oliior.  The  plailv 
running  blocks  are  Tarnished  when  dried,  to  ppeaerra  tfaem  from  damp;  k 
moulding  from  them,  the  feces  of  the  Uoda  andnatod  with  pomdendnBib 
to  prevent  adhesion  of  the  saqd.  It  ahomld  be  xamackad  ttat  iSbm  gnri 
advantage  offered  by  this  system  of  moulding  fe,  that  littla  ndditioiialmikii 
required  over  the  process  for  the  first  moulding,  aa  pnotiaad  by  tho  flvdhn^ 
method.  In  addition  to  the  abore  adTantages,  ft  VMf  dflner  aoid  aimpli|P' 
vision  is  made  fer  insuring  ateadineaa  in  the  two  paiti  of  the  moqid  lim 
closed.  Instead  of  four  round  pins  fitting  Into  eocTeq^onding  holaav  ddUk 
lugs  attached  to  the  boxes,  as  is  commonly  done ;  in  the  new  boxes,  Tertied 
studs  or  square  pins  are  cast  on  each  bottom  box,  which  fit  or  jam  aguuk 
corresponding  projections  on  the  edge  of  the  top  box,  as  shown  in  Fig.  08.  Dtf 
only  fitting  necessary  in  making  the  new  boxes  is  to  file  the  touching  sn^ 
of  the  pins  so  as  to  fit  one  standard  top  box,  and  the  projections  on  the  tof 
boxes  to  be  fitted  to  a  corresponding  or  standard  bottom  box. 

An  additional  advantage  secured  by  this  plan  of  moulding  is,  that  iduk 
by  the  old  process  only  one  side  of  the  pattern  is  available,  while  the  ote 
is  in  use ;  by  the  process  just  described,  the  moulding  of  both  sides  of  t 
pattern  may  be  carried  on  simultaneously.  The  advantages  which  tfai 
new  process  gives  over  the  older  method  of  moulding,  where  numbeit  d 
articles  arc  required,  is  so  obvious  as  scarcely  to  require  a  thou^^t;  tai 
tlie  belief  that  sufiicient  publicity  has  not  been  given  to  it,  has  indneed 
us  to  notice  it  at  this  length,  conceiving  that  our  space  could  not  be  Bwn 
profitably  employed. 

Berlin  Ivon  Castings. — ^But  probably  the  most  wonderful  and  mimte 
examples  of  castings  in  iron  will  be  found  among  those  imported  finom  B«dii. 
Here  we  may  remark  how  enormously,  by  the  value  of  labour,  that  of  the  zsv 
material  is  increased.  It  has  been  shown  by  Babbage,  in  his  invslniUi 
work,  "  The  Economy  of  Manufectures,'*  that  the  i>endulum  spring  of  a  mA 
which  governs  the  vibrations  of  the  balance,  costs,  at  the  retail  price,  tio> 
pence,  and  weighs  just  15-lOOths  of  a  grain;  whilst  the  retail  priee  of* 
pound  of  the  best  iron  costs  only  twopence.  Out  of  that  weight  of  inm,  i^f 
tlionsand  of  such  springs  are  made.  In  like  manner,  the  skill  of  the  Beifii 
iron-caster  so  increases  the  value  of  the  raw  material,  that  the  gnqr  iron  eat 
of  which  these  small  articles  of  bijoutry  and  ornament,  consisting  of  bodte 
neckchains,  earrings,  buttons,  seals,. &c.,  are  cast,  realizes  in  the  ktpf 
examples  one  thousand  one  hundred  times,  and  in  the  smaller  or  noif  ddh 
cate  objects  ten  thousand  times  the  original  cost  of  the  materisL    ^ 
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great  beauty  and  exquisite  detail  which  is  observable  in  some  of  these  cast- 
ings is  due  alike  to  the  extreme  purity  and  fluidity  of  the  metal  out  of  which 
they  are  cast,  and  skilful  moulding. 

The  French  chemist,  Dumas,  has  ascertained  the  presence  of  phosphorus 
and  arsenic  in  the  iron  from  which  they  are  cast.  The  former  material,  it  is 
well  known,  is  favourable  to  fluidity  when  incorporated  with  the  melted 
inm;  it  also  imparts  to  the  iron  with  which  it  is  mixed  a  considerable 
degree  of  hardness.  These  castings  are  never  made  from  the  first,  but  from 
the  second  melting  of  the  metal ;  the  great  point  aimed  at  being  to  get  rid  of 
the  carbonaceous  particles  which  always  render  the  surface  of  iron-castings 
more  or  less  rough.  The  moulds  for  these  castings,  according  to  the  same 
aathority,  are  formed  of  clay  or  argillaceous  sand. 

From  Ehronberg,  who  read  a  learned  paper  upon  the  subject  before  the 
Academy  of  Sciences  at  Berlin,  we  gather  some  additional  particulars  worthy 
of  notice.  He  states,  that  the  bog-iron  ore  of  which  the  Berlin  iron-castings 
un  made,  had  its  origin  in  once  living  and  breatiiing  tilings,  which  ftd  on 
^ants  and  had  tiie  power  of  motion — an  animalcule  which  bids  defiance  to 
the  action  of  one  of  the  strongest  acids  used  in  the  manufactoiy,  viz.  murl- 
itic  acid,  retaining  its  vitality  when  immersed  tiierein.  The  moulds  in 
which  these  ornaments  are  cast  are  also  made  from  the  organic  remains  of 
inimals,  their  shells  fonning  Tripoli,  or  ordinary  polishing  powder.  Many 
of  these  castings  are  as  thin  as  sheet  steel ;  tiiereby  demonstrating  aUke 
the  extremely  fluid  state  to  which  the  metal  must  have  been  reduced,  tiie 
fitness  of  the  sand  to  take  the  impress  of  the  delicate  mould  or  pattern,  and 
flia  great  skill  of  the  artizan  who  prepared  the  mould.  Where  chains  are 
pnodoeed  in  Berlin  eastings,  the  central  rosette,  which  forms  the  ornamental 
portion  of  the  link,  is  the  only  part  really  cast,  the  loops  forming  the  con- 
nection being  of  wire  bent  to  form  and  laid  into  tiie  prints  provided  for 
tiiem  in  the  mould ;  in  that  state  tiie  metal  to  form  the  rosette  is  run  in, 
fills  the  impression  of  it,  and  surrounds  the  prints  or  ends  of  the  iron 
hoops,  thus  forming  the  link — two  of  which  being  laid  at  a  proportionable 
distance  in  the  mould,  and  a  counccting  link  being  moulded  with  a  core  in 
It  between  these,  on  the  metal  being  poured  in,  the  space  not  occupied  by 
the  wire  is  filled  with  metal.  After  cooling,  and  the  core  being  destroyed, 
the  iron  hoops  attached  to  the  rosette  will  bo  found  encircled  with  the 
eonnecting  link,  perfectiy  united  togetiier,  and  free  to  move. 

Holtzapfiel  in  his  work  relates  an  example  of  chain  casting  executed  by 
ft  German  workman  at  the  Hayle  Foundry  in  Cornwall,  in  which  every 
portion  of  the  links  was  cast :  its  lengtli  was  nearly  five  feet,  it  was  made 
np  of  180  links,  and  weighed  a  littie  more  than  ]^  oz.  In  it  the  links  were 
cut  separately;  a  solid  model  of  tiie  chain  was  then  made  a  few  inches  in 
I  length,  with  core-prints  corresponding  to  tiie  apertures  of  the  connecting 
I  IndoB ;  the  links  already  cast  were  laid  in  their  appropriate  places,  after  being 
I  imoked,  in  order  to  prevent  their  adhesion  or  fusion  when  tiie  melted  metiJ 
I  which  was  to  form  the  connecting  links  was  run  in,  '*  gats  **  or  passages  being 
I  mode  to  the  prints  of  the  connecting  links  by  which  to  introduce  tiio  melted   I 
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result.  The  reasons  will  be  found  in  the  iiuidity  and  purity  of  the  iron;  the 
fitness  of  the  argillaceous  sand  or  loam  to  receive  Uie  minute  impression  of 
the  ornamental  portions  of  the  model,  combining  with  that  quality  a  suffi- 
oiently  refractory  character  to  stand  the  heat  of  the  melted  iron;  at  the  same 
time  the  moulders  must  be  workmen  of  rare  skill  and  patience.  In  these 
three  requisites,  wo  think,  lies  the  true  secret  of  the  great  superiority  of  the 
iron  castings  known  by  repute  as  those  of  Berlin. 

ME&lleable  Zzon  Castings. — The  great  cost  attendant  upon  the  forma- 
tion of  smaller  objects  in  iron,  where  numbers  arc  required,  naturally  directed 
the  attention  of  the  manufacturer  engaged  in  their  x)roduction  to  some  means 
by  wliich  the  iron  could  be  more  readily  brought  into  shape,  tlian  by  forging 
from  the  bar  or  rod  by  the  blacksmith.  He  was  aware  that  for  the  purpose, 
casting  was  by  far  the  readiest  method  by  wliich  this  could  be  elfected ;  but 
cast  iron,  he  knew  from  experience,  was  brittle  and  imlitfor  tlie  purpose :  but 
could  he  impai't  to  cast-kon  tlie  property  of  malleability — could  he  succeed  in 
rendering  it  soft,  x)liable,  and  partially  ductile,  his  end  would  be  gained.  Scien- 
tific men  told  him  tliat  the  brittlcnuss  was  owing  to  tlie  presence  of  carbon ; 
to  get  rid  of  this  was  the  desideratum ;  could  he  do  so,  tlie  cost  iron  article 
"Would  bo  reduced  nearly  to  tlie  condition  of  that  formed  from  the  wrought  ma- 
terial— destitute  of  libre,  it  is  true,  because,  not  being  subjected  to  the  opera- 
tion of  rolling  or  the  tilt  hammer,  the  fibrous  arrangement  of  tlie  particles  had 
not  been  evolved.  Having  arrived  at  tliis  knowledge  of  his  wants,  the  idea 
of  subjecting  cast-iron  to  the  aimealing  proces,  in  immediate  contact  with  a 
mbstauce  wldch  would  operate  in  abstracting  the  carbon,  suggested  itself. 
It  is  remarkable  that  the  iron  selected  for  the  pui'pose  of,  and  best  fitted 
for,  being  rendered  malleable,  is  that  which  is  hardest,  most  fragile,  and 
brittle.  The  rich  Cumberland  iron  procured  from  the  litematite  or  nodular 
ore  is  that  preferred.  The  castuigs  are  made  in  sand  in  tlie  way  usually 
practised ;  and  in  order  to  render  tlie  metal  malleable,  it  is  enclosed  in  iron 
cylinders  with  ground  haematite  ore,  pounded  iron-stone,  smitliy  scales,  or 
some  other  substance  which  absorbs  carbon,  the  cylindei*s  containing  the 
castings  being  stopped  up  or  covered  witli  an  ii'uii  disc  or  cover,  carefully 
luted  with  clay,  in  order  to  prevent  the  escape  of  tlie  surrounding  substance ; 
the  cylinders  are  then  x)laccd  with  their  contents  in  suitably  built  furnaces 
or  muffles,  and  subjected  to  the  action  of  a  red  heat,  till,  in  the  judgment  of 
the  annealer,  the  desired  result  is  attained,  which  may  occupy  some  days. 
The  cylinders,  with  theur  contents,  are  then  allowed  to  cool  witliin  the  furnaces ; 
and  when  cool,  they  are  witlidrawn.  The  thinner  castings  will  be  found  to 
I  be  completely  softened  throughout,  and  may  readily  be  bent  into  any  curve ; 
!  others  which  are  thicker,  on  being  broken,  will  be  found  to  be  annealed 
to  a  considerable  depth,  and  even  the  interior  portion  will  be  found  to 
have  participated  slightly  in  tlie  annealing  process ;  at  all  events,  the  na- 
ture of  the  brittle  material  out  of  which  they  were  cast  will  be  found  to 
have  undergone  a  change.  Taking  advantage  of  this  process,  numbers  of 
small  articles  which  had  been  previously  produced  from  wrought-iron,  and 
!     which  required  a  considerable  amount  of  labour  on  the  port  of  the  black- 
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smith,  are  now  cast.  Among  these  may  he  enumerated  the  hutt-plates, 
guards,  and  other  portions  of  metal  used  in  the  gun  trade ;  snuffers,  Ac. 

In  no  manufacture  has  the  process  been  more  largely  taken  adraii- 
tage  of  than  in  that  of  saddlers*  ironmongery.  Stimips,  bits,  the  fanci- 
ful spurs  imported  to  South  America,  buckles,  &c.,  are  made  therefirom. 
Very  recently,  an  importation  of  German  tools  startled  the  manufacturers  of 
this  coimtry,  by  the  extremely  low  price  at  which  they  were  oflTered  for 
sale.  On  trial,  however,  it  was  found  that  the  pliers,  on  pressure  being 
applied,  gaped  at  the  mouth — they  refused  to  cut,  hold,  or  grip ;  the  chisels 
became  blunted ;  tlie  hand-vices  refused  to  pinch  or  hold.  On  examination, 
they  were  found  to  have  been  formed  of  malleable  cas^iron,  hardened  after 
undei^oing  a  rough  finish  by  grinding  or  smoothing;  not  by  means  of  the 
tedious  process  of  case-hardening — ^that  is,  by  being  enclosed  in  a  close  iron 
case  filled  with  charred  animal  substances,  such  as  leather,  horns,  hoofs,  or 
burnt  bone-dust,  and  subjected  for  some  hours  to  a  red-heat,  and  when 
in  this  heated  state,  plunged  into  oil  or  water, — ^but  simply  by  heating 
them  over  an  open  charcoal-fire,  and,  when  at  a  dull  red-heat,  sprinkling  on 
or  rubbing  over  them  the  substance  known  -as  prussiate  of  potash,  there- 
after cooling  them  in  water.  The  superficial  character  of  this  hardeniog 
being  only  skin-deep,  allowed  tlie  interior  of  the  metal  to  retain  its  malleablfl 
properties ;  but  whenever  pressure  or  abrasion  was  applied,  the  nature  of 
the  material  of  which  these  tools  were  formed  was  disclosed.  For  many 
purposes  tlie  articles  formed  of  iron,  cast  and  annealed,  t.  e.  rendered  malle- 
able, are  very  useful ;  and  for  all  purposes  where  ornament  only  is  aimed  tt, 
it  may  be  questioned  whether  it  might  not  be  very  much  more  extensiTdy 
applied,  more  particularly  in  the  formation  of  light  railings  for  civil  and 
ecclesiastical  purposes,  and  for  ornamental  iron- work  generally,  where  a  con- 
siderable amount  of  unifomuty  in  ornament  is  desired.  The  character  of 
wrought-iron  might  be  given  to  these ;  they  could  be  cast  very  light,  ren- 
dered malleable,  and  all  the  liability  to  fracture  common  to  ordinary  cast  iron 
would  be  avoided.  It  occurs  to  us  that  the  application  of  iron  thus  treated 
has  not  as  yet  nearly  realized  the  importance  to  which  it  is  entitled. 
Hitherto  the  articles  made  out  of  malleable  iron  have  been  small  and  unim- 
portant; this,  in  all  probability,  arises  from  tlie  cost  consequent  upon  an- 
nealing ;  the  material,  fuel,  and  time  consumed,  all  entering  into  the  calcu- 
lation of  the  malleable- iron  caster  in  his  charges. 

More  particularly  would  the  application  of  this  material  be  advantageous 
in  the  formation  of  iron-work  of  a  mediaeval  character.  Crocket,  finial.  and 
fleur-de-lis  could  then  be  cast  flat ;  the  soft  and  pliable  nature  of  the  material 
would  admit  of  their  leaves  being  bent  and  twisted  with  the  utmost  facilitr; 
time  would  be  saved,  and  the  general  feature  and  qnaintness  of  the  style 
preserved.  Doubtless,  however,  science  has  in  her  stores  laid  up  for  the 
patient  inquirer,  some  ready  and  economical  means  by  which  the  process  may 
be  cheapened ;  and  then  doubtless  its  application  will  become  more  general 

In  concluding  our  remarks  on  the  manipulation  of  iron  by  the  casting 
process,  we  need  scarcely  remind  our  readers  of  the  very  successful  examples 
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which  have  been  brought  before  the  pubUc  in  the  recent  Exhibitions  of 
Industry.  The  gates  of  the  Colebrookdale  Company,  which  now  form  one 
of  the  entrances  to  Hyde  Park ;  the  rustic  dome,  the  Eagle-shiyer,  the  foun- 
tain, the  numerous  statuettes,  examples  of  mctaUic  furniture,  stoves,  and 
grates,  contributed  by  the  above-named  company,  which  formed  so  prominent 
a  feature  in  the  Exhibition  of  1851;  Cottam  and  Hallam's  gates,  formed  of 
a  union  of  cast  and  wrought-iron,  and  partaking,  as  a  whole,  of  tlie  style  of 
work  known  as  wrought ;  the  magnificent  castings  sent  by  the  Sheifield  and 
I>erby  iron-founders;  the  Carron  Company  in  Scotland;  with  many  other 
examples  sent  by  the  continental  iron-founders, — all  alike  demonstrated  that 
the  art  of  casting  in  iron  is  well  understood.  But  its  fitness  for  public 
decorative  purposes  has  hitherto  been  but  sparingly  tested.  Coupled  with  the 
improvements  for  the  protection  of  iron  from  oxidation,  which  have  now,  by 
the  discoveries  of  science,  been  placed  in  our  hands,  there  seems  to  be  every 
reason  for  recommending  its  being  employed  much  more  extensively  in 
stataary  castings,  and  in  tiie  production  of  street  fountains,  than  has  hitherto 
been  the  case.  The  cost  of  the  material  is  trifling  in  comparison  with  that 
of  marble  or  bronze  :  to  the  former  it  is  superior  in  its  strength ;  to  the  latter 
it  is  quite  equal,  if  well  protected.  The  production  of  an  iron  statue  or 
fountain  is  not  likely  to  diminish,  but  rather  to  increase  the  skill  of  the 
moulder,  in  the  careful  preparation  of  the  mould :  for  while  in  bronze-casting 
the  nature  of  the  materiid  admits  of  considerable  liberty  being  taken  in 
repairing  it ;  in  iron,  on  the  contrary,  should  the  cast  be  defective,  rcpau*s, 
if  they  can  be  effected  at  all  after  a  defective  cast  has  been  made,  are  always 
difficult.  Hence  the  production  of  artistic  objects  in  iron,  from  the  care  and 
skin  required  in  the  formation  of  the  moulds,  would  educate  the  artizan,  and 
increase  his  manipulative  skill ;  while  it  would  at  the  same  time,  from  the 
low  cost  of  material,  greatly  aid  in  the  cultivation  of  the  public  taste,  if  more 
generally  applied.  The  fine  skin  visible  on  the  best  English  iron  castings 
is  a  proof  of  the  perfection  at  which  we  have  arrived  in  the  casting  of  iron. 
The  fluidity  of  the  metal,  when  in  a  melted  state,  as  compared  with  bronze 
when  in  the  same  condition,  is  also  another  recommendation  in  favour  of 
iron. 
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TUK  KjUtlPULATCOIt  AND  C 

We  havo  hitherto  dealt  with  iron,  more  parttcnlaily.  as  brought  into 
by  the  formotiTe  process  of  casting.  This  method,  there  is  every  resGonio 
bolievo,  has  acquired  agrcater  amount  ofdevelopmont  recently,  in  conseqaena 
of  thedcmELndfor  machinery,  whether  for  etationuy  or  Locomotive  engines,  or 
machines  for  monufoctimng  puipoBes.  In  (he  working  of  wrought-iron.ho*- 
ever,  if  we  except  examples  of  a  very  large  size,  such  as  Mr.  Clay  has  opetatel 
upon  and  described, it  is  no  injustice  to  say,  that  those  who  preceded  us  ntre 
onr  equals, if  not  superiors.  In  the  great  we  have  overlooked  the  small;  iuiU 
application  of  wrought-iion  for  utility,  we  have  underrabid  its  importance  sod 
value  for  decorative  purposes,  which  is  somewhat  surprising,  oonaideriniill*;  i 
importADCo  its  great  strength  in  connection  witli  its  hghtncss  and  fitness  at-  r 
titles  it  to.  The  capabilities  of  iron  are  numerous :  while  it  is  light,  il  ia  alw 
strong  ;  it  ia  dense,  yet  ductile,  and,  at  the  same  time,  easily  worked  in  ili 
heated  or  coldEtatc.  Its  valueforpurposcsof  ornament  appears  to  have  been 
better  imderstood  in  many  other  countries  tlion  in  our  own;  and  in  ov 
own,  when  the  material  was  not  so  plentiful  as  now,  great  artists  and  ekilfiil 
artizans  thought  it  not  bcneatii  them  to  expend  upon  iron  an  amount  of  Isbooi 
and  "cunning"  which  at  Uie  prcsont  day  it  is  almost  a  rarity  to  see  expended 
on  works  executed  in  the  precious  metals.  Doubtless  the  skill  of  the 
hammerman  decreased  with  the  more  general  adoption  t>t  casting  ircn 
into  form.  It  should,  however,  be  borne  in  mind  that  iron,  when  cast,  it 
necessarily  fragile;  to  secure  strengtJi,  increoso  of  material  is  required;  and 
to  produce  castings,  patterns  are  required  to  be  modelled  Inan.  TiM  cost  of 
these,  unless  distributed  over  a  great  number  of  castings  of  a  »i™iT»r  kind, 
involves  a  considerable  expenditure  of  time  and  capital ;  and  aft«r  all,  whtx 
the  cast  is  made,  we  lack  the  crisp,  sharp  edges,  and  deep  overlays  of  thit 
which  results  from  the  use  of  wrought-iron  worked  by  the  hand  of  the  intelli- 
gent blacksmith.  In  connection  with  this,  it  is  to  be  borne  in  mind  that  the 
constant  rei^tition  of  the  some  pattern  or  ornament  becomes  painful  to  the 
eye  ;  and  is,  in  the  end,  subversive  of  all  desire  for  new  and  el^ant  fonu 
— a  desire  which,  in  so  peculiar  a  manner,  enconragea  alike  original  design 
and  the  skill  of  the  artizan. 

It  was  remarked  by  the  late  A.  W.  Fngin,  to  whom  we  are  indebted  for 
the  revival  of  many  of  the  all  but  lost  methods  of  working  in  metals, "  that  in 
ancient  iron-work  we  may  discern  a  peculiar  and  distinctive  maimer  of  exees- 
tion  suited  to  the  material,  and  quit«  distinct  from  that  employed  on  wood  <x 
stone.  Tracery  was  produced  by  different  thicknesses  of  pierced  plata  ' 
laid  over  each  other ;  leaves  and  crockets  were  not  carved  or  modelled,  snl  i 
then  east,  but  were  cut  out  of  thin  sheet  or  plate  metal,  and  twisted  up  wiA  I 
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fliers ;  the  lines  of  the  stems  were  either  engraved  in,  or  soldered  on.  By 
ihese  simple  means  all  the  lightness,  ease,  and  sharpness  of  real  vegetation 
nras  produced  in  ancient  iron-work". 

On  this  head,  Mr.  Bedgrave,  in  his  admirable  Beport  on  the  Paris  Exhi- 
bition, says,  as  regards  the  design  and  the  right  use  of  materials,  **  How 
liverse,  for  instance,  is,  or  should  be,  the  whole  treatment  of  cast  as  compared 
vith  wrought  metaL  Take  forged  and  cast-iron,  the  lightness  and  elegance 
obtainable  in  the  one,  contrasted  with  the  necessaiy  soUdity  and  weight  of 
he  other ;  the  play  of  form,  fancy,  and  variety  obtainable  in  wrought-iron, 
low,  alas !  almost  wholly  laid  aside  for  the  heavy  mechanical  common-place 
•epetition  of  cast-work." 

The  examination  of  examples  manifesting  skilful  execution  and  true 
construction  is  calculated  to  enhance  our  estimation  of  the  earlier  workers 
n  iron ;  but  it  must  be  recollected  that,  as  a  principle,  the  older  workers  in 
natal,  iron  included,  first  constructed  and  then  adorned ;  that  ornament  was 
LOt  then  a  primary,  but  a  secondary  consideration,  in  so  far  as  use  preceded 
»mament ;  but  ornament,  at  the  same  time,  was  not  neglected,  and  was  not  of 
k "  stuck  on"  kind,  but  when  applied  it  formed  an  essential  part  of  the  construe- 
ion.  This  quality,  which  shows  itself  on  examining  the  examples  of  early 
ron  working,  justifies  the  remark,  and  strengthens  the  conviction,  that 
he  workers  in  iion  were  exceedingly  clever  artizans ;  and  also  that  not  un- 
requently  great  artists  did  not  think  it  beneath  them  to  expend  their  time 
jid  talents  in  working  such  a  humble  material.  It  is  known  that  Matsys 
xercisedhis  genius  upon  iron ;  and  the  elaborate  well-cover  which  stands  in 
rent  of  the  Cathedral  at  Antwerp,  with  numberless  other  works,  bear  tcsti- 
Qony  to  his  skilL  In  Nuremberg,  also,  the  iron-work  which  still  clings  to 
oany  an  old  domicile,  demonstrates  the  master's  hand.  In  every  continental 
athedral  may  still  be  seen  the  most  cleverly  designed  and  executed  iron- 
rork ;  while,  in  our  own  coimtry,  the  railings  of  the  tombs  of  Henry  VIE., 
^ueen  Eleanor,  the  hinges  and  iron- work  of  Lincoln  Cathedral,  St.  George's 
/hapel,  Windsor,  and  the  Colleges  of  Oxford,  afford  equally  conclusive 
vidence. 

£ven  at  a  later  period  great  ability  was  displayed ;  and  much  interest 
ppears  to  have  been  taken  in  the  working  of  iron,  and  in  its  treatment 
nd  execution  as  displayed  iu  making  grilles  and  gates,  replete  with  grace- 
jI  and  flowing  lines,  with  scrolls  and  flowers  introduced;  these  deco- 
ated  and  guarded  the  entrances  to  the  buildings  erected  in  the  days  of 
laeen  Anne  and  the  early  Georges.  Bailings  were  then  elaborated,  which 
artook  of  the  same  graceful  character ;  and  in  the  streets  and  wynds  of 
itics  and  towns,  the  signs  of  the  craftsmen  depended  from  iron  brackets 
ecorated  with  tasteful  leafage;  even  the  village  hostelry  had  its  nicely 
rorked  iron  brackets,  from  which  hung  the  sign-board  intimating  to  the 
»asBer-by  that  there  was  *'good  entertaioment  for  man  and  horse"  to  be  had 
^thin :  these,  with  other  small  examples  of  iron- working,  as  hinges,  locks, 
oor-handles,  keys,  Ac.,  all  give  evidence  that  the  blacksmith's  art  was  one 
rhich  was  cultivated  with  something  like  enthusiasm,  and  its  professors  were 
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capable  of  greater  things  than  mflPdJBgttehomMeilD^ 
torists  of  the  period,  shoeing  the  animate  of  the  ftnwrtMda  in  tiMirT^^ 
thepackhorseswliich  traversed  the  ro^  loads  of  tbA  period.  l!lis  trarioDia 
who  elaborated  the  ornamental  iron-woifc  of  the  eariif  and  tetter  daya  alhidei 
to,  had  his  heart  in  his  work,  and  deabedio  aooompIidiitiBaendilaUemsii- 
ner;  not  merelytogetitdone,  bntdoneBoaatoshonrliteaUlitf :  beloved 
the  work  for  its  own  sake ;  to  thte,  and  to  the  abaenoe  of  nure  monej  eompefr 
tion,  may,  we  think,  be  traced  mneh  of  the  exeeltenee  and  aoeeeaa  of  theM 
early  examples  of  iron-working. 

Nor  is  our  wonder  at  the  perfection  of  anetent  iron*inxfk  dimlntehed,wli« 
we  consider  the  limited  number  and  imper&otiona  of  the  toote  iriueh  tte 
blacksmith  had  at  his  command,  and  the  vaat  amoont  of  mnacplar  tebov 
which  must  hare  been  expended  beyond  idiatteneceaaaxy  at  the  present  dij. 
The  huge  smelting  furnaces  of  Staffordahire  did  not  than  eztet,  and  roOiif- 
mills  were  as  yet  unknown:  as  a  conaeqaence,  bar,  rod,  and  aheet,  nitt 
other  forms  of  iron  now  common,  ooold  not  be  proeuied,  and  the  oUv 
workers  in  this  metal  had  to  deal  with  huge  and  oomparatiTsly  fonnloi 
billets,  which  they  were  compelled  to  beat  down  at  a  loss  of  time  and  ex- 
penditure of  strengUi  of  which  we,  in  these  days  of  Nasmyth*s  hammers  and 
Ryder's  forging  macliincs,  can  form  no  conception.  This  difficulty  of  pro- 
duction, it  is  probable,  was  not  without  its  advantages,  so  far  as  the  resoltB 
were  concerned,  as  tlierc  is  every  reason  for  believing  that  the  quality  of  the 
metal  was  improved  by  the  hammering,  a  greater  amount  of  homogeneitj 
and  solidity  being  imparted  to  it ;  thereby  much  facilitating  the  cold  worldng. 
which  followed  after  the  process  of  forging  had  been  gone  through.  Con- 
firmation of  this  property  will  bo  found  in  the  examples  formed  from  thin 
iron,  such  as  fiuiols,  crockets,  leafage,  and  the  perforated,  bent,  and  beaten-np 
work  introduced  in  tlie  iron  rails  or  screens  of  tombs  and  altars,  and  the 
iron-work  generally  existing  in  the  cathedrals,  churches,  and  the  dnl 
edifices  of  our  own  and  otlier  countries.  These  early  examples  show  that 
the  plate  or  thin  metal  out  of  whicli  tliese  were  mode  was  left  thicker  in  the 
centre  and  tliinned  towards  the  two  outer  edges,  which  was  in  turn  cut  out  bj 
filing,  cliiselling,  or  saw-piercing,  into  the  form  of  leaves;  after  which,  these 
were  twisted  with  pliers  when  cold,  till  the  desired  curvatures  were  arrived  at 

For  the  better  imderstanding  of  the  method  by  which  leafage  or  foliated 
ornament  in  sheet  or  plate  iron  was  produced,  reference  may  be  made  to  the 
illustrations,  Figs.  105and  106,in  which  the  process  of  the  formation  of  crockets 
is  shown,  and  which  may  be  described  as  follows : — The  artist  having  made 
his  design,  and  well  considered  the  effect  desired,  first  produces  it  in  a  flat 
form  (as  in  Fig.  105),  and  in  full  size — preparatory  to  commencing  to  bend 
it  up  into  the  form  it  is  intended  to  retain  permanently.  Wlien  a  number 
of  crockets  are  required,  it  is  well  to  have  a  metal  mould  or  templet  made 
like  the  displayed  sketch ;  and  this  being  laid  upon  the  thin  iron,  out  of  which 
the  crocket  is  to  be  mode,  may  be  scribed  round  with  a  brass  point,  which 
will  leave  the  outline  of  the  leaves :  these  are  indicated  by  the  letten 
B,  C,  D,E,F,G.    The  superfluous  metal  is  then  detached  by  means  of 
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chisels  and  saws,  or  it  may  be  nipped  off  by  means  of  the  press ;  or  tlie  entire 
blank  may  be  pnmched  out  at  once  in  tlie  press  by  means  of  b  pnnch  and 
bed.  If  tlie  press,  poncb  and  bed  ore  not  employed,  the 

lea&ge  may  be  corrected  hy  filing.  The  blank  is  i 
in  a  condition  to  be  bent  into  form,  which  ia  d 
as  follows:  It  is  rendered  conTcx  on  its  external 
surface,  by  being  beaten 
&om  A  to  O  on  a  holloiv 
anvil;  itis annealed,  tore- 
store  the  ductility  of  the 
metal,  as  often  as  may  be 
required  ;  and  ultimately 
it  is  made  to  aaanme  the 
form  of  Fig.  108.  Tlie  cm-- 
vatures  nad  twistings  of  i" 
the  leaves  are  afterwards 
given  by  means  of  round- 
nosed  and  ordinary  pliers, 
in  order  to  secure  that 
tegular  irregularity,  tiat 
diversity  in  uniformity,  wliich  charm  and  delight  tlie  eye  in  handicraft,  and 
contrast  so  favourably  with  tlie  monotony  of  works  produced  in  the  die,  or 
1^  Miy  of  the  variona  metliods  of  casting ;  from  which  unvaiTing  nnifornii^, 
ma  a  resnlt,  mnat  neceaaarilj  follow. 

In  the  older  works  in  iron,  bnt  more  particularly  in  the  external  oases  of 
locks,  plates,  latches,  caskets,  and  similar  objects ;  great  sharpness,  regu- 
larity, and  exactness,  mere  secured  by  peiforeted  plating  and  overlaying, 
instead  of  cutting  oi 
chiselling  away  the 
iron,  in  forming  the 
tracery.  This  will  he 
better  understood  by  j 
reference  to  the  ac- 
companying illustra-  ' 
Uons,  which  show  the 
several  portions  or 
plates  separately, 
which  serve  to  make 
vp  the  design  of  the 
{presented  in  Fig.  111.    Tliia  o 
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finished  pendant  handle  n 

by  placing  over  each  otlicr  several  platea  of  iron,  cut  out  or  perforated 
differently;  bnt  wUeh,  when  placed  over  each  other  and  riveted  together, 
make  out  the  design.  .These  are  shown  separately,  thus— Fig.  lOT  shows 
the  foundation  plate;  Fig.  108,  the  succeeding  one;  Fig.  100,  the  third; 
Hg.  ITO,  the  indented  or  dogtooth  rim;  and  Fig.  Ill,  the  difletent  plates 
placed  ia  their  proper  positions,  and  riveted  together. 


•Ka<«ilUiioii,«a 
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Wm^  rf  Aawodc  mj  bs  id- 

■  taind.  >r  A*  *nBe>tloB  a<at 

i:iskuip  txJ  oi  hj  beftding.     C«n  ■bonld  be 

.^^  ''    t«kecifidiUsrrle  of  iroikihkt  the  several  platei, 

^^^   ~    ^Lcx  plfcotd  Ugeiber.  and  KJiich  make  op  tht 

^^'     _     crftTLiT.  fihcnOd  register  comctly,  and  that  u 

t:iii:2:  :«piilaiiiT  should  be  preserved  aa  is  consb- 

i£=:viA  die  ^ometiical  character  of  the  desgn. 

An  addiODtul  iUnstiatioii  of  the  toaoer;  ari- 

t^EL  of  iTniTOfnlmtJAn  is  shown  in  ^hf  lod,  Flfi^ 

Mi.  vhere  the  fining  up  of  the  piincipB]  £- 

nsons   or  oampaitnoitE,  roiroanded   with  t 

threaded  moulding,  is  prodoeed  by  periinsled 

plues  laid   on  the   box  cd'  the  lock,  acd  in 

the  fT^H*^  l»T  <miaiQait9  of  quatn^ibil,  of  ■ 

ltu  tinl.    The  istrodaction  of  the  crest  is  the  cental  din- 


I 


I  also  an  oraamental  featore,  which  lends  additu 


The  succeeding  example  (Fig.  119) 
floriated  Btjlc  of  oma- 
rnentation.  TTio  lock 
from  which  til 0  drawing 
was  taken  is  ptescr- 
ved  in  the  Musenm  at 
Oscott.  In  this  exam- 
ple, the  foUoge  irhiclt 
jucitndera  over  the  two 
principal  compfirtmcnts 
of  the  box  of  the  lock, 
and  along  the  bolt-like 

a  cnt  oat  ban  plato  metal, 


is  a,  very  excellent  illuatration  of  the 


and  BO  attached  to  the  melal  fonndri- 
tion  that,  while  ad- 
hering iinnly,  it 
is  placed  at  snch 
a  distaijce  from  the 
found  ationthfltlight 
pusses  under  the 
letifngo,  and  a  sha- 
dow 13  cast  liy  it. 
The  Iiint  furnished 
by  this  example  is 
capable  of  extenBive 
apphcntion  to  the 
adornment  of  similar 
works  or  to  panels. 


Alius 
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ready  been  made  to 
the  skill  displayed 
by  the  Nuremberg 
workers  in  "  cold 
iron."    In  Fir.  1M 


"chest  ;"it  was  made 
in  1SO0,  and  difTers 
from  the  preceding 
examples  in  so  far 
that  though  these, 
like  the  present,  de- 
pend for  their  beauty 
npon  TartOQS  thicknesses  of  iron  plates  laid  over  each  other;  yet  (he  present 
is  ditferent,  inasmnch  as  the  xcroll-work,  thongh  separate  from  the  foundation. 
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baa  boeu  panned  or  -beaten  op."  after  buing  cat  ont  or  poeraid.  »  ihi 
ccrUin  pwto  of  Uie  omiuncut  show  connideniLle  coQvexi^.  l^^ti^r 
bcouit;  tuw  l>«aa  giTvn  to  the  sulq'ect  by  the  Iiatctung  or  ekudliQ^  TX 
chkmotar  <rf  the  foUa^  ■■  niffldently  indicative  of  its  Gennaa  ofigiB. 

W<  ban  hillierto  dwelt  aa  tke  working  of  iron  in  its  platd  or  sheet  caaditii: 
Into  worin  of  an  oniitmeutal  kind ;  in  Fig.  11  b  nc  introduce  an  exaiiii>le  of  U 
sculpture  form  in  inm.  being.  lil 
the  preceding  example,  a  k>ck< 
holt  for  an  "  annone."  It  is 
French  workmanship  of  the  pni< 
ofHonrj'U.,  1550,BndiBchiieili 
outof  Bolid  flat  iron  in  delicate  lo 
relief;  the  lion's  head  (bun*  t] 
hiuidlo  for  the  moretnent  of  11 
bolt,  and  the  lines  of  the  com; 
sition  are  exceedingly  puetti 
But  this  example  ia  of  as  a 
clnaivcly  artistic  cbaraet^r,  u 
therefore  it  dota  not  so  direel 
interest  the  ordinary  iron-worki 
It  cannot  fail,  however.to  be  tf: 
BU^gestive.  aa  it  fiimisbes  admi 
able  hints  for  the  filling  np  spio 
in  railing.  &c.  The  illuslrtttioi 
nhich  have  preceded  thia  mil  1 
sufficiently  confirmatory  of  ll 
remark  made  by  a  diatingniilii 
antharify  to  the  effect,  "  that  tl 
lock  was  a  snbject  on  which  tt 
ancient  amitlis  dclighled  to  cm 
ciao  the  utmost  resources  of  the 
art."  In  chnrchei.  locks  vrai 
introduced  with  ancred  subjec 
chnscd  upon  them.  In  the  tirelfl 
and  thirteenth  centuries,  the  iix. 
smith's  art  produced  many  wnri 
of    very   remarkable    taste   u 
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spirit;  among  others,  in  the  fifteenth  century,  a  tabernacle  door  ivas  vco); 
tured  inironforthe  Abbeyof  St,  Loupof  Troycs;  it  is  rich  iu  the  flombojoi 
Gotliie  architectural  style  of  the  period,  a  figure  of  the  Saviour  occupying  tli 
centra]  ptutel,  witli  the  cup  in  one  hand  and  tJie  host  in  the  other.  All  tJi 
complex  details  of  this  ebibaratc  piece  of  art-workmanship  am  ndmirablr  m 
oculed.  The  sculptures  in  iron  executed  by  I'lattner  in  Germany  were  ter, 
celebrated ;  he  decorated  the  hnndles  of  swords  and  their  scabbnrds.  and  eve 
cojTod  detached  Btatuettes  in  iron.  The  works  of  Leigeber.  bom  in  Silcai 
but  who  worked  at  Nnremberg.  are  particularly  exccllant ;   smon|3  the  gif* 


works  which  are  attributed  to  him  ia  on  oqueHtriau  sljituQ  of  CharJes  II.  of 

England  03  "  St.  Georgo  Slajiug  tlie  Dragon." 

Bat  to  retarn  to  Oxe  work  of  tLc  artizan,  rather  than  the  orlist  in  iron. 

"Vatb  the  period  of  the  Renaissance,  the  art  of  ivurkiug  in  iron,  lihe  other 

qniescent  arts,  mas  revived.    Locks  especially  n'cro  Ilica  carried  to  such  a 
degree  of  perfection,  and  their  ornamentation  was 
of  BO  high  a  finish,  tliat  they  were  looked  upon  as 
objects  of  art,  and  were  moved  from  one  place  to 
another,  like  any  other  valuable  piece  of  ftimiture. 
Nor  were  the  keys  forgotten  or  overlooked  while 
the  locka  were  thus  omBmentcd:  thut  which  is 
iiow  a  bold  oval  grip  or  ring,  even  iu  locks  of  an 
e:(pcnsive  kind,  was,  in  tlie  fourteenth,  fifteenth, 
Eixteenth,  and  seventeenth  centuries,  ekhoraled 
into  exquisite  designs,  tilled  with  troceiy  or  loaf- 
ago,  surmounted  with  coronets  and  crests,  or  per- 
forated into  the  form  ot  initials      These  decora- 
tions were  produced  in  some  instances  by  means 
of  HBwpiercing  or   perforation,  or  by  chiselling 
wiiere  the   scroll- 
work was  in  rehef. 
-=1  rr-i  nrrip    In  other  examples, 
JLIiJUiJl  5    ia  addition  to  the 
]iU7ilOii    chisel  recourse  WM 
"pnj— -]rr  5   "l^o   ''^^  ^'>   ^^ 
J ' — J  L-J 1  p    graving-tool ;    and 
"nlrrnraP    .-..others again, the 
tira  finish  was  de- 
pendent upon  the 
clover  use  of  the 

file.   The  complicated  character  of  the  wards 

was  also  anoUker  pecuharity  in  the  ancient 

keys.    As  illustrations  of  the  general  appear- 
ance of  these,  and  with  the  intention  of  giving 

some  idea  of  their  elaborate  style  of 

mentntion.  four  illustrations  are  introduced. 

Fig.  110  is  an  example  of  French  or  Gemiim 

wcmnanship,  produced  by  a  union  of  perfc 

tions  by  drilling,  chiselling,  filing,  and 

graving.     It  is  supposed  to  have  been  made 

fibont  the  year  1350.     Figs.  117  and   US 

give  two  reproeentations  of  the  same  key. 

It  is  of  an  exceedingly  complex  character,  depending  for  its  omnmenlnlion 

on  the  minnte  perforations  which  are  introduced ;   tlie  trefoils  evidently 

foim  the  sides  of  a  hollow  square,  surmounting  a  circular  diac,  which  is 

perfonted  stni  ot  wheel  fashion,  and  stands  on  an  oval  minutely  quatrcfoil 
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piece  of  perforated  iron,  ta  wUoh  &a  naek  ti  flu  fay,  iilfli  Hi 
words,  is  atUched.    This  exunplo  beui  <Ute  1400.     Ilg.  11*  li 

miirlinlilo  fof  its  deTic-ntc  Uirt'dd-lilie  piercing,  with  Qie 
grQci?fiil  iirritugement  of  liufls  or  portions  of  motal  left, 
tiia  GoUiio  character  of  the  design  being  woU  preserved : 
it  is  Buppoaod  to  be  of  French  or  Fleniisit  origin,  and 
licnrs  date  HBO,  Fig.  120  is  an  example  of  Italian  or 
French  workmiuiNLip  of  the  fifteenth  centorj,  and  is 
produced  by  perforation,  the  wheel-like  grip  of  the  key 
hciDg  formed  Beporately,  and  insorted  into  the  shank 
or  spindle  of  tlie  key. 

Before  the  ivood-corver  took  possession  of  the  siir- 
fnce   of   the  doors   which  goajdcd  the  entrances  to 


ecclesiastical  edifices  of  the  day,  the  hinges  frequently  covered 
over  the  whole  face  of  the  door.  These  hinges  were  both 
TjBftutiftJ  in  design,  and  correct  in  principle.  Themodera  con- 
cealed hinge,  which  ia  now  so  generally  adopted,  is  on  error. 
Being  constructed  on  the  lever  principle,  the  door  nmy  be 
very  easily  disconnected  from  its  attacliiaenta.     Not  so  the 
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width    vith    gracefiil 

cnrves ;      and     beix^ 

bcdted     through    and 

to  the  door  in 

were  alike  use- 
ful and  Inis- 
mental.      Thus   Uw 
Linge-work   of 
the  east  door  of  SL 
Geot^o's  Chapel,  "VTvii- 
presents  the  most  exquisite  arrsuce- 
of  cleverly  designed  and  sldJfull? 
executed  scroll-work,  fDU  of  < 


details.     A  somewtat  modified  iHnslration  of  the  older  fwm  of  hinge*  •• 
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1  Fig.  121.    The  Borolla  of  these  are  woricod  aeparatelj',  and  welded  to- 

when  each  portion  is  completed, 

o  attached  to  the  horizontal  pro- 

hax   bj  welding.     The  leafage 

Dted  with  Bunk  oi  raised  details 

JIB  of  pnnohea ;  and  the  cnired 

which    are   introdnced    on  the 

are  executed  when   the  iron  is 

eated  state,  bj  sinking  it  into 

,  tnnk  canc&ya  when  the  beads 

dred  to  be  convex,  and  the  i9- 

rhen  concave. 

Fig.  122  a  design  or  hinge  of 

:  ohaiaeter  is  figured,  which  la 

ent  upon  its  outline  only  for  its 

mtal  features.    In  this  example,  "** 

ition  to  the  aisiatance  afforded  bf  the  chisel,  the  beak  of  the  anvil 
has  been,  used  to  a  condderable  extent,  with 
but  little  additional  assfstance  from  the  use  of 
^  the  file. 

The  two  examples  of  binges  here  introdnoed 
uuLj  be  supposed  to  be  applied  to  doors  plain  tx 
fiat  on  their  entire  surface,  and  the  portjons  of 
wood  not  covered  with  their  foliations  being  orna- 
mented with  rosette,  lozenge,  octagonal,  or  other 
shaped  head-nails  or  studs.  In  Fig.  123,  another 
fbnn  of  hinge  is  introduced,  wbioh  msj  be  used 
with  exoellfnit  effect  when  the  door  is  framed  and 
panelled.  The  ornamental  festores  of  this  hinge 
are  piodaccd  in  a  similar  manner  to  the  plate 
of  the  handle.  Fig.  Ill,  and  the  lock,  Fig.  112, — 
viz.  by  a  SDCoession  of  two  or  more  thicknesses 
of  metal,  perforated,  engraved,  chamfered  off,  and 
chased,  the  moulded  edge  being  formed  bjr  the  file 
or  produced  bj  swaging.  'By  way  of  rendering 
our  representation  of  the 
ions  kinds  of  hinges 
?  complete,  an  iUustration 
of  a  kind  very  generally 
used  in  the  fnmiture  of  "»■  ^"* 

gone  period  is  here  introduced,  which  unites  both  strength  and  oma- 

aa  represented  in  Fig.  124.  ■■! 

'  ftr,  however,  as  hinges  of  the  class  we  have  figured  are  ecmcemed, 

are  very  few  examples  which  can  compete  with  those  on  the  doors  of 

^nrch  of  Notre  Dame,  at  Caris,  more  particularly  on  that  of  Qie  south 

:  these  are  reported  to  have  been  made  by  Biscoimette,  a  fomous 

rut  MKTAL*.  ^^ 
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smitli  of  the  sixteenth,  ccutory  ;  but  their  style  poiuts  to  th«  eazlieT  part  of 
the  tliirtcenth  ceutuiy.  The  Bculptnces,  couaiating  of  birda  uid  antaiMoU, 
!  maxvelloUB  pruducdons ;  they  aje  mado  of  iron  of  &  peculiar  qnalitj. 
produced  hy  &  method  nhich  puzzled  Gaegart,  the  locksmith  to  the  king, 
who  broke  off  a  portion  in  order  to  get  Bome  knowledge  of  it  bj  *"■"■■"» 
tion  1  wliathedidgct,  however,  he couldnot  use.  Itissaid  that  Biscocnicttt, 
whom  they  vere  attributed,  "  melted  the  iron  with  incrediUt 
iudnstrr,  rendering  it  flexible  and  ductile,  and  giring  it  the  varioas  fomt 
and  Bt'rolla  be  wished,  with  a  BkUI  which  excited  the  admiration  of  aU  ircn-  I 
workers."  Even  now,  mth  the  increased  knowledge  of  iron  and  its  pn>  | 
pcrties,  Ujoro  arc  in  Uie  minds  of  many,  doubts  as  to  whether  they  are  CMt 
and  filled  up,  or  wrought  with  Uie  hammer.  The  aecret  of  their  mua* 
factiiTe  is  Bupposed  to  have  died  with  their  snppoeed  maker,  for  no  trace 
of  the  process  employed  in  bis  work  remains.  Like  most  things  done  at  *  ' 
period  when  clever  workmanship  produced  resnlta  which  seemed  si 
natural  to  the  UTiinitialed,  tlieir  maker  was  supposed  to  have  entered  hit  f 
compact  with  the  doer  of  all  evil  to  help  him.  It  m^,  however,  be  nlMr  | 
affirmed  that  Ihoj  are  of  wrought-iron.  made  in  the  thirteenth  centuij ;  mi  I 
tliat  all  UiL'ir  reputed  maker,  Biscormette,  did,  was  simply  to  repair  Uien; . 
for  it  cannot  be  supposed  that  a  L-uuwIeJge  of  the  proceaseB  for  rendem:;  i 
cast-iron  malleable  existed  at  that  early  period.  Thia  is  another  retan  I 
for  the  opinjou  eiitei*taiued,  that  ih«y  are  made  of  vronght-iron,  sLiUalij 
and  artisUcally  worked. 

But  the  mcdiceval  workman  had  other  resources,  which  he  failed  not  to 
take  advantage  of,  in  order  to  gire  variety  to  his  itxffi  < 
Aware  »f  the  properties  of  iron,  and  the  hbeitf  wtuct 
could  be  taken  with  it  in  a  heated  state,  he  hesitBlcd  not 
to  twist  the  square  bar  when  formed,  and  to  intertwiu 
round  rods  together ;  by  these  means  he  produced  tUtt 
variety  and  beauty.  For  the  better  nnderstiuiding  of  Ihii 
process,  two  examples  ore  given.  Fig.  136  repieeenta  ■ 
handle  formed  from  square  iron.  The  method  by  vltidi 
tlic  twist  is  produced  is  exceedingly  simple.  Itis«db 
bj  heating  the  square  bar  to  a  red  heat ;  while  in  thii 
stnle  the  one  end  is  held  in  the  square  hole  ot  the 
anvil,  or  ia  tlie  blacksmith's  vice,  while  the  other  is  bid 
hold  oH  by  a  ^vrench  or  key,  and  twisted  ronnd :  the 
result  is  a  spiral  as  fignred.  Begnlari^  in  the  £>- 
lancQ  of  the  threads  or  twists  is  secured  by  heating  tkil  | 
portiou  of  the  bar  where  the  irregularity  occurs,  tht 
correct  part  being  cooled  and  kept  cool ;  the  wreocb  ii  I 
again  applied,  when,  as  a  consequence,  the  thresds  IM 
much  a{iart  ore  gradually  made  to  approach  each  otbtr.  i 
and  the  irregularity  ia  thereby  corrected;  the  portions  of  the  hasdlH 
or  grips  which  are  to  be  riveted  into  the  plates,  are  then  bent,  in  older  I 
to  insure  the  required  prqjectian.    These  plates  are  formed  from  vronght-iivB. '    : 
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hinned  towards  the  edge,  the  outline  being  given  Bsdesuiibud  in  the  preceding 
«r*graph  descriptive  of  the  production  of  a  orocket :  the 
"rip  ia  therealter  riveted  in,  and  the  handle  is  complete. 
In  Fig.  120  is  Rhown  on  example  of  iulettwining 
onnd  rods  or  bars.  In  tliis  example  the  handle  or  grip 
MK  been  produced  by  placing  together  side  b;  side,  when 
a  »  heat«d  state,  and  parallel  to  each  other,  two  rods  of 
ran ;  these  being  held  in  a  vice,  are  taltcn  hold  of  and 
ffisted  round  until  the  desired  elTect  is  secured  :  after 
rbich  a  portion  ia  cnt  off  each  rod  at  the  reveraa  end. 
The  single  end  is  bent  down  to 
give  the  projection  for  the  inser- 
tion of  the  hand ;  the  grip  thus 
formed  is  then  riveted  into  the 
plate  by  which  the  handle  is 
attached  to  the  door. 
^       It  will  be  readily  understood  ^'^'  '^■ 

Jl^' ''  tfj^' '  "i^i~ '  ^   '■'"*'  ''''  "'""R  otlier  forms  of  bar  or  rod  than  those 
W.  ^S   ^/^  e'  ■Ji^eftdf  described  in  the  examples  aJluded  to,  great 
■-  variety  and  beanty  may  he  given;    for  inafanoe,  nn- 
'  Rular,  oval,  reeded,  or  fluted  bars  or  rods,  will  much 
1  improve  the  appearance  of  the  handles  or  railings 
I  which  they  are  introduced.     The  examples  to 
which  attention  has  been  directed  have  been  more 
particularly  formed  ont  of  two  kinds  of  iron — viz. 
bar  and  sheet.       There    are,  however,  other   in- 
stances in  which  sheet  and  bar-iron  are  made  use  of 
together ;  such    cases  occur  in  railings  or  altar- 
■ens,  in  which  the  uprights  may  be  formed  from 
square  bai-a — tn-isled  in  certain  portions,  the  comera 
chamfered   off  in  otliers.       The   bars   are   thereby 
reduced   to  an   octagonal   form,  while   the   capitals 
and  bases  get  their  contour  by  skilful  forging,  and 
are  kept  cotrcct  and  uniform  by  l)cing  hammered 
into  swages  cut  in  steel,  after  the  manner  of  a  die, 
into  which  the  healed  iron  is   driven.    In  the  pro- 
gress of  formation,  the  transverse  or  horizontal  bora 
through  wliich   the  uprights  riso  may  be  beaded 
or  otlierwise  omamontod  on  tlicir  outer  edge ;  ele- 
gant rosettes  may  also  be  introduced,  and  the  finials 
or  tracery  mad«  from  sheet-iron.    In  order  to  ren- 
der this  union  better  understood,  seo  Fig.  12T,  in 
which  this  method  of  using  vaiioua  kinds  of  iron 
together  is  shown.    In  this  example  the  shaft  A  is 
(if.  u,.  formed  separately  from  square  iron,  by  twistiiig  in 

le  r  ilreBdy  described  in  the  formation  of  the  twisted  handle  (Fig.  L9S) . 
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The  capital,  and  the  portion  of  the  bar  which  rises  tcp  thioag^  the  trant- 
verse  bars  CO,  are  forged  together,  the  capitals  being  fanned  in  swages; 
the  ascending  portion  is  slit  transversely,  and  into  the  slit  is  laid  or  placed 
the  finial  and  tracery  formed  of  sheet-iron,  marked  D  D  D,  which  portions 
are  held  there  by  rivets,  which  are  indicated  in  the  woodcnt.  The  tans- 
verse  bars  C  C  C  receive  their  rope-looking  appearance  on  the  edges  also  Ij 

being  swaged.  The  tall  uprights  in  this  example  ais 
formed  of  not  less  than  six  parts,  and  they  axe  imitad 
together  by  screw-pins  at  £  £  £.  The  small  npij^ 
F  is  formed  of  round  iron,  and  its  terminal  of  ilit 
or  plate-iron.  The  hints  sapplied  by  this  method  of 
construction  described  will  be  amply  sufficient  to  show 
how,  by  taking  advantage  of  the  varieties  of  iron  now 
manufactured  in  the  establishments  of  those  who  deil 
in  this  very  useful  metal,  the  most  complicated  de- 
sign may  be  successfdlly  realized.  In  this  ezsnpls, 
however,  there  has  undoubtedly  been  a  great  amoimt  of 
fitting  requisite ;  the  blacksmith  and  white- 
smith have  worked  together,  with  the 
hammerman,  the  filer,  and  the  fitter.  It 
unites,  however,  in  a  remarkable  degree, 
the  qualities  of  strength  and  lightness,  in 
connection  with  the  power  of  realizing 
great  beauty  of  design.  The  rosettes  and 
shields  G  G  add  much  to  its  quaint  and 
peculiar  character. 

In  Figs.  128  and  1 29  excellent  examples 
of  working  in  solid  iron  are  shown.     The 
ascending    character    and   intention  of 
these  finials  are  well  maintained:  they 
are  intended  to  represent  the  omamentid 
terminations  of  turrets  or  gables ;  and,  in 
connection  with  the  pointed  style  of  archi- 
tecture, they  appear  to  be  in  admirable 
keeping.    A  considerable  portion  of  these 
have  evidentiy  been  formed  by  the  use  of 
swages.    The  details  of  the  coronet  in  Fig. 
128  are  sculptured  after  being  forged,  as  also  are  the  pendant  flowers.   The 
same  amount  of  care  is  evident  in  Fig.  120,  the  reverse  heart-ibrmed  aoMr 
ment,  with  its  leafage,  being  a  clever  exemplification  of  the  iron-wotrkiDgitf 
the  period,  showing  alike  good  forging,  fitting,  and  tasteful  design. 

With  the  period  of  the  Middle  Ages,  however,  all  clever  oonstmetion  m 
iron  did  not  terminate ;  the  spirit  which  animated  them  seems  to  have  fia* 
gered  for  a  long  period,  and  even  to  have  survived  in  the  workman  kng 
after  the  architect  had  surrendered  all  claims  to  originality^  in  Ids  dasigBi, 
and  adopted  the  conventionalized  treatment  of  an  inferior  arehiteetme.   B  if 


Fig.  128. 


nf.ui. 


most  true  thnt  floridity  nnd  incongruity,  in  the  majority  of  iastimces,  marked 
the  prodnctiona  of  Uie  latter  period ;  but  the  construction  was  quite  as  com- 
plicated, if  not  more  so,  in  ho  far  oa  tlio  x"'''^^^  wliicli  made  up  Uie  work 
were  larger,  while  the  floriated  or  natunUistic  character  of  the  design  incrcEiBed 
the  difficulty  attendant  upon  the  manipulating  process.  In  tliia  doss  of 
iTOTka  we  only  include  such  examples  of  iron-working  »s  wore  mode  by  the 
blacksmith  with  the  hanuner,  and  of  which  tlie  aorolls  or  Uoriated  portions 
introduced  were  pajt  and  parcel  of  tltc  workmanship,  and  not  Bueh  as  may 
be  fonnd  on  the  gates  of  the  Clarendon  Printing- Office  at  Oxford,  with  other 
examples  produced  ia  the  early  part  of  tlie  soTeutecnth  century,  where  the 
,  almost  Quatorzic  character  of  the 
design  necesaitatfd  the  pinning  on 
of  the  omamcnta  or  scrolls  to  the 
skeleton,  formed  of  har  or  rod-iron. 
In  this  style  of  construction,  the  or- 
naments clung  to  the  skeleton  like 
hmpcta  to  a  rock;  Ihey  were  at- 
tached externally,  and  they  shoved 
that  such  was  their  connection ; 
ignoring  the  principle  that  the 
decoration  sliould  insensibly,  as  it 
were,  soggcst  that  it  was  n  iini^ 


inBeparable  from  the  object  of  which  it  formed 

a    part.       For    the    better    understanding  of 

the  mode  of  working,  two  iUustrationa  are  hero 

introduced  (FigB.  130  and  131),  in  which  tlie 

work  was  produced  chiefly  by  the  blacksniith, 

and  in  which  the  ornamental  paita  naturally 

take  their   place.      It   may  be  well   to   point 

out  that  Fig.  130  ia  airaply  a  filling  up  of  a 

space  or  panel,  where  strength  ia  Hecured  by  the 

introduction  of  the  uprights.    Fig.  131  reprc-  Fig.  131. 

sents  the  intermediate  panel.    These  two  examples  bear  indubitable  evi 

dence  of  the  iona-Jide  character  of  the  workmanship,  in  the  hammer  marks 

which  may  be  detected  on  the  snrfacc.    Fig.  132  ia  the  flower  shown  in 
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section,  which  was  forged  separatclj,  and  Bcrcired  on  to  Ibe  end  of  the  cob- 

_         volnted  stem.    It  wUl  also  be  obeerred  that  connection  is  made 

'\Xi'      of  the  several  parts  fonoed  Mpamtely  bj  meane  of  butda  oc 

■         clips,  marked  GGO.    In  these  illuBtrations,  every  portion  of  the 

Tig.  131.     railings  ivae  wrought  from  bar-iron.    Tbej  stand  on.  aod  form  the 

baliiBtrades  fuid  railings  of,  the  staircase  of  a  bnildlng  dedgDed  bj  In^ 

Jones,  now  the  council  chamber  of  a  smaU  provincial  tcwn  in  Scotland ;  ud 

the  workman  who  constructed  them  ^vas  paid  at  the  rato  of  a  groat  »d^ 

for  Ilia  labour.    The  iron-work  of  the  gates  of  Gray's  Tnn  and  of  the  Temple 

GardeoB,  London,  partakes  of  this  style  of  workmanship.  , 

In  order  to  illustrate  more  fully  tlie  methods  of  constmctioii,  or  modes  d 

orking  adopted  in  ornamental  iron- work,  an  example  of  "  stuck  on  "  onii-  | 

mettt  is  introdnccd  in  Fig.  133.     This  givea  evidence  of  skilful 


ship — a  knowledge  of  the  art  of  "  healing  up"  or  Tcpoviia  in  iron,  which  is 
creditable  to  the  artizons  nho  were  cngeged  in  the  prodnction  of  the ' 
T)ie  several  pieces  of  omnmect  were  formed  Bcparately,  and  attached  to 
the  frame  by  pinning  Uiem  to  the  already  fonaed  portion  of  the  gate  (B). 
Great  intelligence  nnd  Rkill  have  been  Ehomi  both  in  the  beating  op  of  the 
ornaments,  and  ^tliug  tbcm  on  ;  but  neitlier  the  design  nor  the  method  of 
eonBtniction  can  be  conimcndcd,  however  much  the  skill  of  the  werkmHi 
may  be  admired. 

DoabtlesB  there  are  other  and  varied  methods  of  conslmetion  ;  hot  in  the 
examples  introduced,  Ilia  principles  which  are  involved  in  ornamental  imi- 
working  have  been  Inid  down.  The  use  of  the  tools,  and  facility  in  practicallj 
I  working  out  the  art,  con  only  be  arrived  at  by  an  acquaintance  with  Ibe 
labonrs  of  the  smithy.  One  peculiarity  distiugQisLes  the  present  age — that  ii. 
the  division  of  labour :  a  principle  well  fitted  to  quicken  prodnction.  bal 
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ttariy  sab?8nive  of  the  leading  characteristics  of  the  older  workers  in  metal, 
od  oalmilated  to  destroy  all  originality  in  the  workman.  In  those  days 
lie  artizaa  worked  out  the  object  himself;  he  made  what  tools  he  required — 
m  labdirad  earnestly  and  truthfully  at  his  task.  But,  with  all  the  leyelling 
mdency  of  the  present  system,  it  is  evident  that  with  the  olden  time,  the 
neient  skill  and  ability  of  the  artizans  of  this  country  have  not  wholly  de- 
«rted,  for  works  in  iron  have  recently  been,  and  are  now  being,  made  by 
Tixlman  and  Co.,  of  Birmingham,  and  Skidmore  of  Coventry,  which  quite 
qoal  the  best  examples  of  the  medisBval  period.  These,  however,  have  not 
«en  produced  by  ordinary  workmen,  but  by  men  trained  under  the  inspection 
f  sapeiintendents,  who  have  studied  design  and  construction  united.  This 
onsideration  suggests  the  propriety  of  the  union  of  the  two  elements — the 
lesigner,  with  a  thorough  knowledge  of  tlie  principles  of  design  as  well  as  the 
nodes  of  construction;  and  the  artizan,  with  eyes  educated,  to  produce  the 
iengn  placed  before  him.  The  true  test  of  the  skilful  artizan  is  the  ability 
0  work  out  readily  whatever  design  is  placed  before  him  in  a  drawing ; 
ad  he  should  ever  bear  in  mind  that,  however  common  the  material  on 
diich  he  is  operating,  it  is  inteUigent  labour  which  lends  the  value  to  that 
oatexial.  Keeping  this  ever  in  view,  will  be  an  incentive  to  his  exertions, 
nd  make  him  anxious  to  exoeL 

A  word  or  two  on  the  preservation  of  works  in  iron  may  not  be  out  of 
•laoe  in  concluding  this  portion  of  our  subject.  The  tendency  to  decay  by 
oddatkm  in  a  peculiar  degree  distinguishes  this  metal ;  it  may,  however, 
te  protected  by  being  covered  or  painted  over  witli  an  oleaginous  varnish  : 
his  allows  the  natural  colour  or  skin  of  the  iron  to  be  seen,  and  is  usually 
.pplied  where  there  is  a  desire  not  to  conceal  the  material  out  of  which  the 
rork  to  be  preserved  is  made;  iron  may  also  be  coated  with  gold,  silver,  or 
opper,  by  the  electro-deposit  process.  Brunswick  and  Berlin  black  var- 
dflhfls  are  frequently  used  to  coat  and  protect  iron.  Coating  by  immersion 
Q  a  bath  of  melted  tin,  is  sometimes  adopted.  Galvanizing  (a  misnomer, 
loweyer),  by  means  of  coating  by  immersion  in  melted  zinc,  has  recently 
Men  in  much  favour  for  the  same  purpose;  and  the  cheap  process  of 
mamelling,  known  as  that  of  Paris,  has  also  been  tried  with  complete 
mocess.  For  the  three  last  means  of  protection,  it  is  necessary  to  clean  the 
ddn  or  outer  surface  of  the  artide  to  be  protected,  by  immersion  in  muriatic 
yad  (spirits  of  salt) ;  and  when  this  has  been  done,  to  dip  the  cleansed 
irticle  in  a  bath  of  melted  tin  or  zinc,  when  the  complete  adhesion  of  a 
KMiting  of  the  melted  metal  is  readily  secured.  In  enamelling,  in  the  early 
itege  of  the  process,  the  same  method  of  cleansing  is  gone  through;  the 
irticle  80  cleansed  is  then  dipped  into  a  prepared  gummy  or  adhesive  fluid ; 
•he  glass  or  enamel,  reduced  by  pulverization  or  grinding  to  a  granulous 
Mnrder,  is  dusted  upon  it,  and  it  is  then  put  into  a  suitable  muffle  and  placed 
n  a  furnace ;  the  result  is  that  after  a  few  minutes'  exposure  to  the  intense 
leai  of  the  muffle,  the  powder  fuses  into' a*  uniform  glassy  coating,  impervious 
io  damp,  and  afflxrding  oomplete  protection  to  the  metal  object  so  coated. 

u — ^Leaving  the  more  minute  manipulations  in  iron,  we 
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now  propose  to  offer  a  few  remarks  on  the  application  of  wroof^t  and 
iron  to  architectural  purposes.    As  we  have  seen  in  Mr.  Vose  SLskett's  paper, 
that  gentleman  contemplates  that  a  much  higher  order  of  bean^,  at 
well  as  a  larger  amount  of  utility,  and  Tarious  other  advantagea^  wiU  le- 
Bult  from  the  use  of  this  material  over  any  pre-existing  azcfaitectnre.    The 
idea,  he  tells  us  in  his  first  work,  occurred  to  him  while  Tiaiting  tha 
stalactite  caverns  of  Derbyshire;  and  in  his  pages  is  Tisioned  fixrth  aa 
ideal,  which  it  is  to  be  hoped  will  ere  long  be  realized :  hitherto  it  has  not 
The  building  which  accommodated  the  world's  products  and  the  indostiy 
of  every  people  at  the  Universal  Exhibition  of  1861,  was  indeed  a  woi- 
der;   elaborated  from  the  blotting-paper  sketch  of  Paxton,  by  the  geniiii 
and  industry  of  Fox  and  Henderson,  it  directed  the  public  attention  to 
iron  architecture  by  the  very  great  simplicity  of  its  constroction,  the  nft 
dity  with  which  it  rose,  gourd-like,  from  the  ground,  and  the  extent  d 
space  which  it  covered:  but  there  its  merits  ceased;    for,  saving  and 
excepting  its  transept,  ornamental  features  it  had  none ;  its  box-like  loai 
gave  no  relief  to  the  eye.     Time,  doubtless,  had  something  to  do  witii 
this.    Bemodelled,  and  standing  on  the  heights  of  Sydenham,  with  its  addi- 
tional transepts,  it  must  bo  admitted  to  approximate  somewhat  nearer  to 
the  ideas  of  Mr.  Pickett ;  but  something  greater  has  yet  to  be  done  ere  tiie 
true  capabilities  of  iron  for  ornamental  architectural  purposes  are  detzl^ 
developed.    One  property,  however,  has  been  satisfiGustorily  demonstrated,— 
viz.  its  great  strength.    There  were  not  wanting  those  who  proved  dearly  lad 
satisfactorily  to  their  own  minds,  that  the  Exhibition  building  of  1851  wad 
necessarily  fall — ^it  could  not  stand ;  it  represented  a  series  of  bedsteads  stiiid- 
ing  upside  down ;  a  gale  of  wind  would  upset  it  ere  a  single  oontiibatka 
found  its  way  into  the  interior :  the  galleries  must  fedL  These  and  a  thonsiDd 
other  surmises  and  doubts  had  a  quietus  put  on  them  by  the  result,  which  €b 
surpassed  the  most  sanguine  expectations  of  the  defenders  of  the  much-aboied 
structure.    It  may  be  interesting  to  remind  the  reader  even  now,  that  in  tliii 
great  national  work  8784  tons  of  cast-iron  were  used,  702  tons  of  wrou^tr 
iron,  and  that  at  oue  period  not  fewer  than  2200  men  were  employed  upon  iL 
There  were  2300  cast-iron  girders,  resting  on  1060  columns.     The  pattens 
employed  were  reduced  in  this  work  to  the  smallest  possible  number; 
uniformity  being  tlie  great  object  aimed  at,  the  ''repeats"  were  of  coinse 
necessary.    This  operated  in  a  saving  both  of  tune  and  expense,  all  esseutiil 
where  rapidity  of  construction  is  the  point  aimed  at.  The  stability  of  the  new 
architecture  having  been  ascertained,  it  is  matter  of  surprise  that  no  attempt 
has  yet  been  made  to  add  to  it  the  graces  of  ornament    How  this  may  be 
done,  has  been  very  clearly  laid  down  in  Mr.  Pickett's  **  New  System,"— m 
to  increase  the  number  of  our  appHances,  so  as  to  embrace  the  whole  range  of 
metallic  substances,  and  admit  the  adoption  of  each  of  them,  in  every  form 
in  which  science  may  render  them  available,  and  by  which  we  may  be  enabled 
to  realize  a  higher  order  of  beauty  than  it  is  possible  to  produce  in  stone ;  to  * 
unite  in  the  highest  degree  with  that  beauty,  all  the  necessary  utilities  required 
of  the  art :  and  this,  under  many  circumstances,  at  a  cost  far  inferior  to  tbat  1 
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hj  whieh  the  ordinazy  effecta  of  masonio  architecture  are  obtained.  The 
gromlest  objection  which  could  be  brought  against  the  material,  ia  its  liability  to 
ojddation ;  but  that,  as  we  have  just  seen,  may  be  counteracted  by  yanous 
maftna,  as  electro-coating  with  copper,  or  the  schcalled  process  of  gslvanizing 
or  immersing  the  iron  in  a  bath  of  melted  zinc.  The  applicfition  of  barium 
or  earbonate  of  barytes  is  also  recommended  for  this  purpose ;  coupled  with 
iti  aoceptibility  for  the  permanent  retention  of  every  yariety  of  colour,  this 
inatmfll  produces  all  the  appearance  of  porcelain  on  the  sur&ce  of  the  iron, 
presenting  great  richness  in  effect;  but  enamelled  glass  is  by  far  the  most 
altractiTe  material  for  these  purposes,  possessing,  as  it  does,  the  additional 
recommendation  of  the  most  perfect  and  enduring  cleanliness. 

An  uniform  and  consistent  application  of  metals  to  the  purposes  of  archi- 
tecture will,  perhaps,  tend  more  than  anything  that  could  be  devised  to  en- 
courage the  revival  of  the  beautiful  art  in  '*  wrought-iron  work,"  which  was 
tomerly  carried  to  such  great  perfection.  The  excellence,  however,  to  which 
•reiy  description  of  casting  is  now  carried,  and  the  infinitely  greater  economy 
attendant  upon  it,  will  doubtless  render  very  limited  the  employment  of 
wrought  iron  work  in  any  metallic  architecture,  unless  it  be  as  a  partial  and 
mpeiior  adjunct,  occupying  a  similar  position  in  relation  thereto,  as  does  the 
art  of  sculpture  to  the  masonic  art 

Independent  of  casting,  various  other  processes  in  the  manu£Eu:turo  of 
metals  will,  both  in  regard  to  effect,  utility,  and  economy,  be  found  highly 
nsefuL  Amongst  these  may  be  enumerated  the  rolling  and  corrugating  of 
■heet-iron,  which  may,  with  great  advantage,  be  applied  to  various  internal 
purposes ;  stamping  or  embossing  in  the  various  forms  required  for  the  de- 
corative features  of  the  art,  whenever  the  processes  of  working  or  casting 
prove  too  difficult  or  expensive  to  be  obtained;  every  description,  like- 
wise, of  woven  or  wire- work,  whether  in  the  form  of  gauze  for  a  lining  of 
certain  parts  and  for  the  purpose  of  ventilation,  for  the  admission  of,  ox.  for 
subduing  the  effects  of  light,  force  of  the  sun's  rays,  &c.;  or  in  any  other 
finm  (and  they  are  multitudinous)  in  which  it  may  be  worked  by  the  hand, 
and  employed  for  the  purposes  of  art. 

Copper,  and  more  especially  brass,  will  also  be  found  a  highly  useful 
constituent  of  ar^tecture  in  coi^unction  with  iron.  The  facility  and  beauty 
with  which  every  variety  of  fonn  may  be  produced  by  means  of  embossing 
as  well  as  of  casting  in  this  metal,  and  the  advantages  it  possesses  of  assum- 
ing, and,  when  lackered,  of  permanently  retaining,  a  colour  and  polish 
similar  to  that  of  gold,  together  with  the  cheapness  of  its  production,  render 
its  extensive  introduction  into  the  interior  of  edifices  an  object  highly 
desirable  whenever  the  practice  of  "a legitimate  metallurgic  architecture" 
shall  be  established. 

Japanning  and  enamelling  in  various  colours,  &c.,  whilst  forming  an  ex- 
cellent preservative,  is  also  a  familiar  appendage  of  metallic  substances  in 
manufacture,  and  is  therefore  consistently  adnussible  for  the  purposes  of 
internal  decoration.  In  &ct,  almost  every  description  of  paint,  as  well 
as  the  minority  of  colours,  being  composed  of  metallic  substances,  are 
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the  legitimate  materialB  of  a  "  metallurgic  arohiteetore."  The  oeeasioiial 
introduction  of  variously  cut  and  coloured  glass,  after  the  manner  of  gam 
in  jewellery,  is  also  perfectly  admissible  into  this  art,  whenever  superior 
richness  or  resplendency  of  effect  is  desired. 

From  their  affinity  with  metallic  properties,  as  well  as  their  greater 
warmth  and  dryness,  in  addition  to  their  superior  harmony  in  effect,  a 
preference  will  naturally  be  given  to  vitreous  and  similar  substances  lor  tbe 
purposes  of  pavements,  &c. ;  amongst  the  most  useful  of  these,  the  numerooi 
descriptions  of  encaustic  and  other  tiles,  of  asphaltic  and  other  compoaitioiu, 
may  be  enumerated.     Hitherto  the  suggestions  which  the  preceding  n- 
marks  necessarily  evolve  have  not  yet  borne  fruit ;  but  there  is  some  satit- 
laction  in  knowing  tliat  recently  attention  has  again  been  directed  to  the 
subject  by  the  Ecclesiological  Society,  who,  deeming  it  of  some,  importance.  I 
in  March  last,  besides  putting  themselves  in  communication  with  Mr.  Vose 
Pickett,  applied  to  two  eminent  contractors  for  tenders  to  build  an  irra 
church.     The  economy  of  iron,  in  connection  with  superiority  of  ornament 
will  at  once  be  evident,  when  it  is  shown  that,  while  the  same  design  emc- 
cuted  in  stone  would  cost  upwards  of  J^7000,  Messrs.  Skidmore  and  Son.  of 
Coventry,  agreed  to  execute  the  same  in  wrought  and  cast-iron  iinited,  for 
the  sum  of  £2500,  and  Messrs.  Ncughton  and  Bevan,  of  Gravosend,  for  th» 
sum  of  j£2150.    The  remarks  accompanying  Messrs.  Skidmore's  estimate 
were  of  so  intelligent  and  explanatory  a  character,  that  we  place  them  in  extfnto 
before  tlie  reader : — '*  If  iron  is  to  be  considered  a  material  of  our  age  and 
locality,  and  to  be  used  as  our  forefathers  used  every  material  of  their  da;, 
giving  it  its  natural  expression,  adding  art  and  beaufy  to  constructive  fons, 
it  would  be  unlike  their  actions  and  unworthy  of  ourselves  to  use  a  new  (for, 
considering  the  facility  of  its  production  in  our  day,  and  its  great  and  ex- 
tending use,  it  may  be  considered  as  a  new)  material  only  as  a  cheap  expe 
dient,  instead  of  giving  to  it  that  development  in  Christian  art  of  which  it  is 
so  capable. 

"  In  furtherance  of  these  views,  I  would  suggest  the  use  of  geometrical 
forms  of  iron,  the  constructive  supports  of  the  walls  filled  in  with  marble  of 
various  colours ;  as  also  carving  or  ceramic  products  for  the  same  purpose.  The 
interior  would  afford  ample  scope  for  carrying  out  that  floral  treatment  so 
much  used  in  the  fourteenth  century.  The  iron,  also,  would  require  coating 
with  pigments  to  preserve  its  surface,  and  would  form  a  ready  means  of 
illumination.  The  renewed  use  of  crystals  and  gems,  as  in  ancient  metal- 
work  ;  the  use  of  enamels,  which  present  facihties  would  permit  to  a  greater 
extent  even  than  in  ancient  work ;  the  covering  the  wall-surfaoes  with  tiqiestzr 
having  historical  subjects,  reredos  of  brass  or  silver  and  brass  combined, 
are  also  objects  to  be  aimed  at." 

In  the  design  for  this  church,  the  simplicity  of  the  oonstmction  is  ren- 
dered very  apparent;  the  frame-work  is  of  cast-iron,  and  fitted  in  the  interior 
with  a  tracery  of  thin  sheet-iron,  perforated  into  ornamental  forms;  the 
columns  are  of  cast-iron.  The  clerestory  windows  are  divided  into  lights  bj 
cast-iron  pillars  witli  spiral  shafts,  having  plain  cajHtal  and  base,  in  keeping 
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with  the  architectural  design.  The  walls  are  formed  of  double  iron,  placed 
■ome  inches  apart,  and  the  interstices  packed  with  felt  and  sand;  the 
beautifullj  designed  rood-screen,  with  the  foUated  or  ornamental  cross  sur- 
monnting  the  apex,  and  the  decorated  altar-rail  of  hammered  iron,  add 
eonsiderably  to  the  beauty  of  the  interior.  Externally  the  appearance  of  the 
sleration  is  not  so  attractive ;  its  plainness  is,  however,  reheved  by  the 
belfry,  with  its  perforations,  its  crockets  and  ornamental  cross,  and  tlie  iron 
filling  up  of  the  walls  of  the  porch.  Altogether,  the  admirable  designs  of 
Mr.  Yose  Pickett,  and  the  example  now  under  consideration,  lead  us  to 
think  that  there  is  a  great  future  for  iron  architecture,  when  the  capabilities 
of  the  material  are  taken  advantage  of,  and  that  encouragement  vouchsafed 
to  it  which  the  importance  of  the  subject  demands. 
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metal,  amounted  in  Talue  to  upwards  of  two  million  dollars.  Mr.  Henwoodt 
who  visited  these  mines  in  that  year,  speaks  of  having  seen  the  miners  chip- 
ping off  the  metal  with  sharp  steel  chisels ;  hut  so  tongh  was  it,  that  it  curled 
up  like  shavings.  Much  difficulty  has  been  experienced  in  working  these 
mines,  on  account  of  the  extraordinary  amount  of  labour  requisite  for  cutting 
op  these  masses  of  metal. 

It  is  frequently  found  alloyed  with  silver,  or  in  dendritic  masses,  whose 
bnmohes  are  half  silver  and  half  copper,  both  of  brilliantly  bright  metallic 
Inatre ;  the  silver,  for  the  most  part,  having  a  frosted  appearance. 

A  huge  vein  has  lately  been  found  at  Haerlech,  North  Wales.  It  is  of  fre- 
quent occurrence  in  small  quantities  in  most  of  the  copper  mines  in  Cornwall. 
Id.  the  mining  department  of  the  Great  Exhibition  of  1851,  there  was  a  very 
lurge  specimen  of  it  from  the  Trenance  Mines,  in  the  Lizard  district.  It  was 
a  portion  of  a  mass  thirty  feet  in  length,  taken  from  a  lode  worked  in  the 
■erpentine.  It  is  also  found  in  Sweden,  Hungary,  Siberia,  and  Brazil.  It  is 
ordinaiily  associated  with  granite,  gneiss,  clay-slate,  mica- slate,  serpentine, 
steatite,  quartz,  carbonate  of  lime,  sulphate  of  lime,  and  sulphate  of  barytes. 

It  occurs  crystallized,  in  octahedral  and  other  forms,  in  ramose,  dendritic, 
•ood  amorphous  masses;  but  more  frequentiy  in  plates,  leaves,  or  grains  of  a 
bfownish-red  colour,  ductile  and  malleable ;  but  by  fusion  these  properties 
ue  rather  injured  than  improved. 

Pure  copper  in  mass  is  hard  and  sonorous,  but  capable  of  being  cut  with 
a  knife.  According  to  Moh's  scale,  introduced  in  "  Chapman's  Mineralogy," 
its  d^pree  of  harduess  is  2*5  to  8,  that  of  tin  being  2,  and  lead  1  '5.  Its  hard- 
ness is  increased  by  hammering,  rolling  into  sheet,  or  drawing  into  wire.  If 
either  of  these  processes  be  repeated  sufficientiy  long,  the  metal  is  rendered 
extremely  brittie ;  but  its  tenacity  and  malleabiliiy  may  be  restored  by  a 
process  of  annealing,  to  be  hereafter  described  in  treating  of  the  uses  of  the 
metal. 

A  fracture  of  the  metal  in  a  soft  state  is  red,  shining,  granular;  and  if 
▼ery  soft  metal,  it  is  crystalline.  "When  hard,  its  fracture  presents  a  fibrous 
lightish-red  silky  appearance.  The  increase  of  specific  gravity  from  8*78 
to  9*0  by  hammering  was  supposed  to  arise  from  the  condensation  of  the 
particles  of  the  mass ;  but  when  copper  is  melted  in  contact  with  the  atmo- 
sphere, it  absorbs  oxygen,  and  becomes  slightiy  porous.  This  absorption  is 
prevented  by  fusion  under  common  salt.  The  density  of  the  metal  so  fused 
has  been  found  to  be  8*921 ;  and  after  being  subjected  to  a  pressure  of 
800,000  lbs.,  it  has  been  increased  only  to  8080.  The  difference  is  so  slight 
that  it  is  probably  owing  to  a  diminution  of  the  spaces  still  remaining,  rather 
than  to  an  approximation  of  the  particles  of  the  mass  to  each  other.  It  has 
a  disagreeable  taste  and  smelL  It  is  an  excellent  conductor  of  heat  and  of 
electricity.  Its  power  of  conducting  heat  is  898,  taking  gold  at  1000 ;  iron 
bdng  874,  and  lead  179. 

A  bar  of  copper  heated  from  82^  Fah.  to  212''  is  lengthened  about  l-680th 
part,  whileJzon  is  extended  only  l-810th. 

T^Jdng  Hs  power  of  conducting  electricity  at  100,  that  of  silver  will  be 


130  aa.  of  gold  'id-79.ai  iron  17-74.  so  that  itwia  be  seen  Ili«l  i>  a  *"•«  | 
the  beat  condvctors  of  elcctridly. 

Copper  in  a  finely  dirided  stale,  if  pressed  tOjroliiOT  and  ni»de  wd-but, «  i 
in  Wdllaeton's  procesB  of  preparing  platina,  may  be  welded  togetliM  inloi  lobi 
inssB.  provided  it  has  been  soalied  in  oilprevions  to  ignition,  in  ort«rlo[»  , 
vent  oxidadoa.  It  espanda  in  Bolidiiyiii<j,  The  addition  of  (H  p?T<^«  \ 
potasaiatn,  xinc,  or  lead,  nill  prarent  expansion  in  cooling.  It  boib  it  U 
tnlense  nhite  heat ;  bnt  is  not  valalilized.  Exposed  to  intense  beat  insdH 
vessel,  it  incurs  no  sensible  Iobb  of  veight.  I 

In  a  finely  divided  state,  placed  on  ignited  charcMtl.  it  burasUkstiadB;  I 
if  on  bring  lighted  it  be  put  iiito  an  atnioephei<e  of  oiygen.  the  9imM^  I 
becomes  very  vivid,  the  metal  Ireing  converted  into  the  state  of  pnibntd*.       I 

Iiengtbened  exposure  of  the  brijihl  meUil  to  a  hnmid  atmosphere.  tw»  I 
its  oxidndon,  and  it  becomes  covered  with  s  green  carbonate  ol  «»H«.  ' 
commonly,  but  incorrectly,  termed  venligiia.  Heated  to  Tedness  in  emW  I  . 
with  the  air,  it  oxidizes,  and  the  scales  of  the  oxide  foil  off.  V^Qican-''  I  : 
low  red-heat.  barB  of  it  may  be  woilded  by  the  smitb  la  the  same  maaMr  ■  i  I 
iron.  Unlike  iron,  copper  wiU.  under  no  drcDmstancee.  d««oiDpoM  >i>o< 
not  even  with  the  intoirentiou  of  acids.  It  ia  soluble  in  acids,  but  nosdya 
in  the  oxygenating  acids. 

In  nitric  acid  it  ia  rnpidly  dissolved  with  the  evolution  of  nitric  tmfc.  I 
which  is  converted  into  Uie  ruddy  violet  fumes  of  nitrons  add  on  cmninsint) 
oontaet  irith  the  atmosplicre.  It  is  dissolved  in  concentrated  sulphanc  Mil  \ 
on  the  application  of  beat,  with  the  evolntiou  of  sulphnrons  a«id  gis,M  I 
the  production  of  sulphate  of  copper.  } 

Muriatic  add,  strong  or  dilute,  dissolves  it  bnt  slowly,  and  only  Tilfave  ! 
access  of  air.  Strong  solutions  of  Ibe  alkalies  have  no  action,  bemnat  tlN*  1 
oontain  no  atmospheric  air :  bnt  weak  aolutions.  especially  of  ammonia,  *»>  . 
the  access  of  air,  rapidly  dissolve  it.  The  solutions  of  copper  are  distingniA** 
by  their  green  or  purple  colour.  That  of  ammonia  is  panicaUrlj  rasukaUi 
lor  its  deep  purple  colour. 

The  oxides  of  copper  obt&ined  from  solutions  in  acid  by  nentrsliratiw 
with  alkalies,  tnsy  be  reodSy  obtained  perfectly  pure,  in  the  metallic  fona. by 
passing  hydro^ren  over  them  in  a  close  tube  exposed  to  heat.  A  heat  bek* 
redness  is  sufficient  to  cause  the  decomposition  of  the  oxides  with  the  pio- 
dootionofmelalliecopper  and  of  water.  The  metal  may  also  be  obtaiDedfcj 
putting  tine  or  iron  into  solutions  of  it  in  add. 

The  uses  of  copper  in  the  aits  and  for  industrial  pnrposes  are  exceedii^ 
nnmerona.  Sheathing  and  fostejiings  for  ships,  and  marine  en^ne  buiMin?. 
eoBsome  a  large  qunatity  annnaUy.  The  copper-smitli.  plated- irare  nrtim- 
fcctuTOT.  locomotire  boiler-maker.  and  engine  wright,  likewise  mirk  up  ccr- 
•iderable  quantities,  prindpaDy  as  bar  or  sheet  coK>er ;  while  the  mint  is  • 
j^t  '"^'i'™*'  'it  t^e  copper  coinage.  But  the  articles  wade  of  the  meBl 
"Wilf  are  few  ui  comparison  wilh  the  nnmberless  forms  in  whidi  it  appian 

•ui  essential  ingredient  in  mixture  with  other  substanceo. 
_    lae  F^and  ,^„  coinage  is  alloved  with  copper;  goH  j. 
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allciyed  with  it  in  less  or  greater  (luuiility ;  imitation  gold  is  composed  prin- 
cipally of  copper ;  wliile  silver-plato  is  alloyed  with  it,  and  imitation  silver 
composed  to  the  extent  of  two-thirds  of  tlie  same  metal.  Chinese  gongs, 
bells,  reflectors  for  telescopes,  statuary  bronze,  gun-metal,  and  brass,  contain 
copper  as  a  preponderating  ingredient. 

The  most  brilliant  green  paints  are  a  compound  of  copper  witli  otlier 
substances;  other  combinatious  produce  blues  of  great  value.  In  one  or 
other  of  these  forms  it  is  largely  used  in  enamel  i)ainting  and  colour-making. 
Copper  is  one  of  the  most  abundant  metals.  It  is  found  widely  diiTused 
throughout  organic  and  inorganic  nature.  Although  oil  the  salts  of  copper 
are  poisonous,  both  to  animal  and  vegetable  life,  it  has  been  found  in  the 
aahes  of  plants,  in  the  blood  of  man,  and  in  tlie  congor,  common  cnib,  snail, 
oyster,  mussel.  Sec.  In  tlie  oyster  it  has  sometimes  occurred  in  suflicient 
quantity  to  make  it,  as  an  article  of  diet,  vei^'^  deleterious.  It  is  found 
principally  mineralized  by  combination  with  sulphur  and  arsenic. 

With  sulphur  and  siilphuric  acid,  copper  forms  sulphurets  and  sulphates 
of  definite  composition ;  arsenious  and  carbonic  acid  also  appear  to  combine 
with  it  in  atomic  proportions.  With  iron,  gold,  silver,  lead,  tin,  zinc,  and 
some  otlier  metals,  it  forms  mechanical  mixtures  and  chemical  alloys ;  and 
the  same  is  believed  to  be  the  case  with  arsenic.  Sulphurets  of  these  metals 
appear  to  unite  witli  sulphurets  of  copper  in  definite  proportions. 

Ooppez  Ores. — The  ores  of  copper  are  found  principally  in  the  primary 
and  the  lower  transition  rocks,  in  veins  varying  in  widtli  from  a  few  inches 
to  sevcrnl  fathoms,  several  miles  in  lengtli,  and  extending  in  depth  beyond 
the  limits  ascertained  by  mining. 

lifd  Oxide  of  Cojiper  (ruby  copper,  suboxide  of  copper)  is  of  a  bright  red 
colour,  sometimes  exhibiting  a  grayish  metallic  lustre  on  fracture,  which 
disappears  on  reducing  it  to  powder.  Specimens  of  this  variety  arc  found  in 
Cornwall,  France,  Saxony,  Siberia,  Brazils,  and  tlio  Lake  Superior  district 
Specific  gravity,  OSO  to  (iOO.  When  pure,  it  consists  of  two  equivalents  of 
copper  with  one  equivalent  of  oxygen ;  or,  decimally,  of — 

Copper         .        .        .        88-78 
Oxygen        .  .         11-22 

10000 

It  has  often  been  found  in  Cornwall,  beautifully  cr^'stallizcd,  witli  a  most 
brilliant  lustre,  li-aiisluccntou  the  edges  of  the  crystals  of  a  rich  niby  colour. 
A  very  large  mass  of  it  in  tlie  amoq»hou8  form  was  shown  in  the  Great 
Exhibition,  sent  there  from  the  RedniUi  district,  Cornwall. 

Bhek  Oxide  of  Copper  (peroxide  of  some,  protoxide  of  other  writers) 
occurs,  of  a  velvety  black  colour,  in  granular  masses  of  a  gritty  consistency. 
It  is  found  in  small  quantities  in  several  mines  in  Coinwall ;  in  larger  quan- 
tities in  France,  Siberia,  and  the  South  Australian  mines ;  and  in  greatest 
abundance  in  the  Lake  Superior  district.  The  composition  of  pure  black  oxide 
of  copper  is  one  equivalent  of  copper  to  one  of  oxygen :  or,  decimally,  of — 
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Copper 
Oi^gen 


79'8S 
2017 

100-00 


The  richest  pieces  mined  yield  about  45  p«r  cent  of  the  oxide;  tk 
remaining  portion  of  the  ore  consisting  of  -  iron/ sniphnr,  and  earthy  mt- 
ters.  It  is  nearly  always  accompanied  by  other  ores  or  copper,  soch  u 
the  snlphorets  and  arseniates.  The  red  and  black  oxides  axe  distingTudMi 
from  other  ores  by  their  ready  solubility  in  hydrochloric  add. 

Muriate  of  Copper  (oxychloride  of  copper,  atakamite)  is  of  a  green  CQknir, 
crystallizing  in  prisms  of  a  specific  gravity  of  4*40  to  4*50.  It  is  a  m 
mineral,  having  been  detected  in  notable  quantities  only  in  Sonthem  Itilj; 
Saxony,  and  the  Atakama  Desert,  in  the  neighbourhood  of  Chili  and  Ben. 
in  South  America.  In  the  latter  country  it  exists  in  considerable  quanti^, 
decomposed  into  a  green  sand ;  but  the  absence  of  fSEtcilitiee  for  transportiiil 
it  to  market  has  operated  against  extensive  mining.  Its  constitnentB  m 
chlorine,  copper,  oxygen,  iron,  and  water,  in  varying  proportions,  the  fblloiriqg 
being  the  composition  of  one  specimen 


Chlorine 

Copper 

Oxygen 

Water 

Iron 


1600 
67-60 
11-34 
14-16 
•90 

100-00 


Carbonate  cf  Copper  (malachite,  mountain  green,  green  carbonate).  Tlus 
variety  of  copper  ore  occurs  of  various  shades  of  colour  between  green  aal 
blue,  crystallizing  in  rhomboidal  prisms  of  a  specific  gravity  of  8*2  to  S'8; 
but  more  commonly  in  reniform,  mammillated,  or  botryoidal  masses.  For 
merly  it  was  obtained  almost  exclusively  from  the  Siberian  mines ;  bat  of  | 
late  years  the  South  Australian  mines  have  produced  very  large  qnantitieii 
and  the  American  mines  yield  some  good  specimens.  It  is  also  found  in 
Cornwall.  Its  constituents  are  oxide  of  copper,  carbonic  add,  and  water,  in 
slightly  varying  proportions.  The  analysis  of  a  clean  specimen  of  green 
carbonate  gave — 

Oxide  of  copper   .        .        72-20 

Carbonic  acid      -.        .        18-50 

Water,  &c.  9*80 

10000 

This  is  equal  to  a  produce  of  57*7  of  metallic  copper.  The  admixtnre  ef 
earthy  matter  results  in  the  average  produce  falling  considerably  under  this 
for  large  parcels  of  ore.  A  specimen  of  blue  carbonate,  when  analyzed,  gave— 


Oxide  of  copper 
Carbonic  acid 
Water,  &c. 


69-08 

26-46 

6*46 

100-00 
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Many  of  the  carbonates  of  this  class  haye  an  exceedingly  beautiful 
appearance,  when  cut  and  polished  to  show  the  different  tints  of  the  suc- 
cessive concentric  rings.  Of  late  years  it  has  been  applied  to  a  large  extent 
to  ornamental  purposes,  for  which  the  large  masses  are  eminently  adapted. 
For  this  purpose  it  has  been  principally  obtained  from  Siberia,  where  masses 
of  half  a  million  pounds  haye  been  found.  Most  magnificent  articles  of  virtu 
made  of  it  were  sent  to  the  Great  Exhibition  by  the  Russian  Government. 
It  is  only  since  the  discovery  of  this  mineral  in  large  quantities  in  the 
Australian  mines,  that  it  has  become  a  regular  article  of  manufacture  in 
Great  Britain.  Fine  compact  pieces  of  it,  cutting  solid,  fetch  as  much  as  a 
guinea  per  pound. 

Dioptase  copper,  or  emerald  malachite, — a  beautiful  but  rare  ore,  consisting 
of  oxide  of  copper,  carbonate  of  lime,  silica,  and  water,  in  var3ring  propor- 
tions,— ^is,  perhaps,  entitled  to  precedence  as  the  most  beautiful  ore  of  copper. 

Anhydrous  Carbonate  of  Copper  (mysorine)  is  a  carbonate  of  a  dark- 
brown  colour,  generally  shaded  ^vith  green  or  red,  and  of  a  conchoidal  frac- 
ture. It  is  a  rare  mineral,  found  only  in  the  province  of  Mysore,  in  India. 
In  addition  to  oxide  of  copper  and  carbonic  acid,  it  contains  peroxide  of  iron 
and  silica,  nearly  in  the  following  proportions : — 

Oxide  of  copper    .  61*30 

Carbonic  acid  16-86 

Peroxide  of  iron   .  1969 

Silica  ....  215 


100,000 

Sulphurets  of  Copper. — The  sulphurets  form  the  most  abundant  deposits 
>f  this  ore  in  the  Old  World.  They  are  a  numerous  class ;  comprising  simple 
ind  compound  sulphurets,  and  form  the  most  important  metallurgic  species 
>f  the  ore. 

Sulphuret  of  copper  (vitreous  copper,  kupferglanz)  breaks  with  a  steel- 
jray,  or  grayish  black  metallic  lustre ;  crystallizes  in  rhomboidal  forms  of  a 
specific  gravity  5  CO.  It  is  met  with  in  several  localities  in  Cornwall,  Devon- 
shire and  Cumberland,  in  Saxony,  Siberia,  Australia,  and  America.  Its 
constituents  are  copper  and  sulphur.  In  the  ore,  small  quantities  of  iron  and 
varying  proportions  of  silica  occur,  as  is  seen  by  the  foUowiug  tabular  state- 
ment of  a  very  rich  specimen : — 


Copper 

79-30 

Sulphur 

18-96 

Iron 

•74 

Silica  . 

100 

100-00 

In  other  varieties  of  this  ore,  antimony  plays  a  very  conspicuous  part, 
selected  specimens  3rielding  nearly  40  per  cent,  of  this  metal,  with  scarcely  a 
irace  of  iron  and  silica. 

Sulphuret  of  Copper  and  Iron  (yellow  copper  ore,  or  copper  pyrites)  appears 
\o  be  flie  most  common  ore  of  copper  in  England.    It  is  mined  in  North  and 
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South  America,  the  East  and  West  Indies,  China,  Australia,  and  Afiica,  and 
the  majoriiy  of  the  European  States.  The  extensive  oopper-mines  ni  CkiiB- 
wall  and  Devon  are  principally  wrought  on  deposits  of  this  ore.  Anglesea, 
in  Wales,  formerly  produced  large  quantities ;  and  Wicklow,  in  Ireland,  has 
long  been  celebrated  for  its  cupreous  deposits.  Cumberland,  Yorkshire, 
Scotland,  and  a  few  other  localities,  are  found  to  contain  less  profitable 
deposits.  When  pure,  the  fracture  is  brass-yellow,  with  a  metallic  lustre ;  it 
crystallizes  into  tetrahedra  and  octahedra ;  specific  gravity,  4*20.  It  is  a 
compound  sulphuret,  consisting  of  one  atom  of  sulphuret  of  iron  with  oae 
atom  of  sulphuret  of  copper ;  or  decimally  of 


Copper 
Iron  . 
Sulphur 


34-20 
30-26 
35-66 

100-00 


Copper  pyrites  dissolves  slowly  in  nitric  add ;  but  is  readily  soluble  is 
nitro-muriatic,  with  separation  of  sulphur,  provided  the  operation  has  nol 
been  too  long  continued. 

In  other  varieties  of  sulphnrets,  the  relative  proportions  of  copper,  iros, 
and  sulphur  vary  considerably,  occasionally  producing  very  beautifiiDj 
coloured  ores.  The  peacock-ore,  a  very  handsome  variety,  so  called  fitwn 
presenting  in  its  fracture  the  colours  of  the  rainbow,  or  peacock's  tail,  is  £r^ 
quently  met  with  in  Cornwall.  It  differs  from  the  common  pyrites  in  con 
taining  a  minimum  amount  of  sulphur,  and  larger  percentage  of  copper. 
The  variation  in  the  composition  of  different  specimens  may  be  seen  by  the 
following  analysis,  where  No.  1  represents  a  poor,  and  No.  2  a  rich  ore  of 
this  class : — 

No.  1.  No.  2. 

Copper  .         .         .         ?,8-2         .         .         69-6 
Iron       .  32-7         .         .  7-5 

Sulphur         .  29-1         .        .         230 


1000 


1000 


Gray  Copper  Ore  is  found  to  a  considerable  extent  in  Cornwall  and  other 
cupreous  districts.  It  is  of  a  steel-gray  colour,  metallic  lustre,  and  ciystil- 
lizes  in  fonns  derived  from  tlie  tetrahedron ;  specific  gravity,  4*80  to  6'80. 
The  analyses  of  two  rich  ores  from  mines  in  Cornwall  gave : — 


Copper 

47-90 

46-21 

Iron  . 

1410 

9-34 

Arsenic 

11-40 

1903 

Sulphur 

21-60 

26-42 

Silica 

500 

— 

100  00 
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Other  ores  of  this  class  contain  notable  quantities  of  antimony,  and  lesser 
quantities  of  zinc  and  silver.     This  is  more  especially  the  case  with  those  (^ 
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Saxony.  Haugary,  Mexico,  Peru,  and  other  foreign  districts  where  this  ore 
occurs  ia  quautitj.    The  composition  of  a  Hungarian  ore  was — 


Copper 
Sulphur 
Antimony 
Arsenic 
Zinc  . 
Iron  . 
Silver  . 


41*22 

27-23 

12-63 

10-20 

8-60 

4-72 

•40 

10000 


The  other  principal  compounds  of  arsenic  and  copper  may  he  summed 
up  as — lat.  Rhomboidal  arseniato  of  copper  (Erinite,  kupferglimmer),  of  an 
emcrald-grcen  colour,  and  specific  gravity  about  400.  Constituents — oxide 
of  copper  09'3G,  arsenic  acid  S'iSi,  water  502,  alumina  1-78  =  100. 
2nd.  Octahedral  arseniate  of  copper  (lens  ore,  broconite},  of  a  blue  colour, 
and  specific  gravity  2(J  to  OS.  It  consists  of  oxide  of  copper  ftOO,  water 
35*72,  arsenic  acid  I4as  =  iOO.  3rd.  Prismatic  arseniate  of  copper  (olive 
ore,  olivenite),  of  a  dull  olive-green  colo*ar;  of  specific  gravity,  500  to  5-20. 
Its  principal  constituents  are,  oxide  of  copper  5100,  arsenic  acid  4500, 
with  minute  quantities  of  phosphates.  The  above  three  varieties  of  aroniate 
of  copper  are  found  iii  several  of  the  Gwenap  mines  in  Cornwall,  as  also  in 
otlicr  distiicts. 

Chromate  of  copper  and  lead  is  a  rare  mineral,  found  in  Siberia ;  and  by 
the  preponderance  of  lead,  belongs  properly  to  the  ores  of  that  metal.  Plum- 
biferous  gray  copper  ore  also  belongs  to  tiie  ores  of  lead,  its  composition 
l)6iug  nearly  as  follows: — ^Lcad  -lO'S,  copper  12(i,  antimony  263,  sulphur 
20" 3  =  100.  The  hydrated  silicate  of  copper  (chrysocoUa),  of  a  bluish-green 
colour,  and  specific  gravity  3-2,  consists  of  oxide  of  copper  00,  silica  20,  water 
17,  carbonic  acid  7  =  100.  Stanniferous  copper  ore  (tin  pyrites,  bell-metal 
ore),  a  rare  mineral,  is  found  only  in  Cornwall  and  Mexico.  Its  constituents 
are  copper  30*33,  tin  2G'70,  iron  12' 10,  sidphur  30*81.  BismuUiic  sulphuret 
of  copper  is  of  a  dark  gray  colour,  consisting  of  copper  37*  10,  bismuth  48*74, 
sulphur  1410=100.  Seleniate  of  copper  is  of  a  silver-wliite  metallic  lustre, 
consisting  of  nearly  62  per  cent,  of  copper  to  38  of  selenium.  It  has  been 
found  only  in  Sweden,  and  in  tlie  mines  of  that  country  in  very  limited 
quantities.  Uranium  is  a  constituent  of  several  copper  ores,  foimd  in  the 
west  of  Cornwall ;  and  cai'eful  analysis  demonstrates  tlie  presence  of  several 
other  rare  minerals. 

The  phosphates  of  copper  are  principally  of  interest  to  tlie  mineralogist ; 
the  quantity  mined  in  all  cases  is  too  small  to  render  tliem  valuable  in  a 
metallurgical  sense.  Very  fine  cabinet  specimens  are  obtained  from  the 
Ameiican  mines.  Phosphate  of  copper  is  of  an  emerald  green  colour,  con- 
taining oxide  of  copper  050,  phosphoric  acid  28-0,  water  70  =  100.  The 
hydrous  phosphate  of  copper  consists  of  copper  03,  phosphoric  acid  22, 
water  15=  100. 

Cleaning  the  Ores. — This  is  commenced  in  the  mine  by  rejecting  such 
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portions  as  appear  worthless,  and  sending  them  np  separately  firom  the  ore, 
or  stowin<;  them  away  in  any  vacant  place  below.  In  detennining  the  yalne 
of  the  stones  broken,  the  miner  trusts  to  his  eye  and  the  apparent  heaTiness 
as  to  their  being  sufficiently  rich ;  but  frequently  the  whole  of  the  stuff  broken 
off  the  lode  is  sent  up  for  dressing.  When  working  on  poor  ground,  how- 
ever, the  nice  discrimination  observed  in  selecting  the  mineralized  portion 
in  the  imi>erfect  light  afforded  by  his  candle,  is  acquired  only  by  long  expe- 
rience. Cases  have  occurred  where  valuable  minerals  have  been  thro^ra 
away  as  worthless ;  as  an  instance,  it  may  be  mentioned  that  in  the  early  tin 
mines  the  tinners  were  accustomed  to  throw  away  the  copper  ore,  now  eagerlr 
sought  after.  Tliis  has  frequently  been  adduced,  as  showing  the  want  of 
information  among  the  miners  of  tiiat  i>eriod ;  in  reality,  however,  it  noinse 
affects  his  shrewdness  and  general  character  for  intelligence.  At  that  period 
he  was  paid  for  mining  tin  ore,  a  ready  sale  for  which  existed  from  time 
immemorial.  Had  he  dressed  the  copper  ore  and  offered  it  to  the  tin-buyezs, 
they  would  not  have  purchased,  and  he  would  have  lost  in  a  pecuniary  sense. 
\Mien  the  advance  of  metallurgical  science  had  x>ointed  out  its  character, 
and  purchasers  appeared  for  the  apparently  wortliless  mineral,  the  miner's 
skill  enabled  him  to  supply  the  demand  which  sprung  up ;  but  it  was  no  part 
of  his  province  to  extract,  at  a  great  cost,  a  mineral  for  which  there  did  not 
appear  to  be  a  sale. 

At  the  surface  tlie  cleaning  is  recommenced  by  separating  the  larger  stones 
from  the  small  stuff,  for  "  spalling."  This  operation,  which  is  commonly  done 
by  men,  consdsts  in  breaking  the  large  stones  into  pieces  of  two  or  three 
pounds  weight.  The  resulting  broken  mineral  is  divided  into  tliree  parcels, 
viz.  *'bcst  ore,"  "  poor  ore,"  and  "  attle"  or  worthless  matter,  which  is  dis- 
charged from  the  dressing-floors.  The  **  best  ore  "  of  this  operation,  with  the 
smaller  fragments  of  tlie  pile,  are  "  cobbed  "  by  young  females — a  repetitiou 
of  the  spalling  process — reducing  the  pieces  still  smaller;  they  are  again 
sorted  into  three  parcels  ;  but  tlie  best  ore  is  conveyed  direct  to  the  crushing 
mill,  or  placed  nside  for  that  purpose.  The  poor  ore  of  the  spallers  is  sub 
jected  to  the  cobbing  process,  and  is  similarly  divided.  If  careful  dressangis 
pursued,  tlio  poor  ores  of  the  several  cobbers  are  agoin  sorted  into  the  three 
divisions.  The  ores  of  the  minor,  other  than  the  smallest,  are  thus  reduced 
to  two  qualities,  and  a  considerable  portion  of  the  matrix  rejected  in  this 
early  stage.  Tlie  treatment  of  the  two  qualities  of  ore  is  essentially  dif- 
ferent. 

Formerly  tlie  best  ore  was  invariably  crushed  under  flat  hand-hammers, 
or  cobbling  hammers,  on  iron  plates  or  old  stampheads,  by  females;  andir 
mines  producing  but  little  ore,  this  method  is  still  pursued.  The  cast  hain- 
mor  has  a  square  face,  ond  weighs  about  4 lbs. ;  vriih  this  primitive  instm 
ment  the  ore  is  crushed  so  ns  to  pass  through  sieves  of  four  to  sixty-fonr 
meshes  or  holes  to  the  square  inch.  If  the  ore  is  of  more  than  average  ricb- 
noss,  it  is  broken  to  poss  through  the  fewer  meshes ;  if  poor,  to  pass  througli 
the  larger  number. 

Crashing- Kills  ox  Grindexs. — Mines  producing  large  quantities  of  cop 
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\}er  ore  geucrally  liavo  a  mill  for  griudiug  tlieiu  expeditiously  luid  cheaply.  These 
mills  are  a  modern  invcution,  having  been  introduced  to  tlie  Cornish  mines 
about  thirt}*^  years  smce.  When  properly  constructed,  and  worked  ap.to  their  full 
power,  they  materially  reduce  the  cost  of  dressing  the  ores,  and  tdlow  of  com- 
paratively poor  ores  being  successfully  prepared  for  market.    They  commonly 
conaibt  of  a  pair  of  dulled  cast-iron  rollers  of  adamantine  hardness ;  tlic  one 
about  twenty-four  inches  diameter  and  the  same  in  length,  the  other  somc- 
vhat  smaller  and  shorter;  each 
xoller  is  mounted  on  a  wrought- 
iron  axle,  which  is  connected  by 
•ipur-gearing  with  tlie  crank-shaft 
of  a  steam-engine,  or  some  otlicr 
prime  mover.     The  rollers  re- 
volve iu   brass    bearings  in    a 
massive  cast-iron  framing;    tlie 
small  roller  is  maintained  iu  its  ^ 
position  against  the  larger  by 
weighted  levers,  which  allow  it 
to  recede  when  any  substance 
harder   than   usual   intervenes 
(FiQ.  1 34) .  Commonly  tlie  rollers 
are  pressed  into  contact  >\ith  a 
force  of  sixty  tons.    Over  tlie 
rollers  is  constructed  a  suitable 
hopper,  into  which  the  ores  to  be 
ground  are  delivered  from  tlic 
tram-waggons.    The  ground  ore 
falls  into  a  divisional  hopper,  by 
which  it  is  conveyed  into  cue  end 


Fiir.  134. -Mill  for  grinding  orw. 


of  a  cylindrical  liddle,  revolving  rapidly  in  a  diagonal  dii'cction.  Two 
riddles  are  employed  side  by  side,  tlie  one  with  coarse  and  the  other  witli 
fine  meshes ;  by  altering  the  division  in  the  lower  hopper,  either  or  both  of 
the  riddles  may  bo  worked. 

Tlie  cruslied  ore  passes  through  the  meshes  of  the  riddle,  and  is  collected 
into  a  third  hopper,  whenc4i  it  is  let  off,  as  required,  into  tram- waggons.  The 
unreduced  portion  passes  down  tlie  riddle,  and  is  delivered  into  tiie  diagonal 

buckets  of  a  large  internal 
wheel,  called  a  rati- wheel, 
constructed  of  wood,  and 
revolving  rapidly,  by  wliich 
it  is  elevated  above  tlie 
rollers,  and  again  delivered 
into  tlie  hopper  for  rc-crush- 


ing. 


Pig.  lM.-Bhoiring  mode  of  .pplyfaig  prewure  on  roUcrs.  A  mill  of  UiO  dimensions 

hero  given,  making  tit-elve  to  fourteen  revolutions  ])er  minute,  will  ^rind 
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six  to  ten  tons  per  hour»  according  to  the  hardness  of  the  ore  and  the  fineness 
or  roughness  of  the  meshes  in  the  riddle ;  and  a  steam-engine  of  thirty  to 
thirty-five  horsepower  is  required  to  drive  the  mill  effectively.  The  rubbing 
part  of  the  rollers  is  worn  out  by  the  action  of  three  or  four  weeks*  crushing. 
The  best  ore  is  passed  through  the  coarse  riddle,  and  taken  from  the  crusher 
to  tlie  pile  for  sale.  Poor  ore  is  passed  through  a  riddle  with  small  meshes, 
and  from  the  crushing-mill  is  taken  to  the  dressing-floors,  where  it  undergoes 
a  succession  of  operations,  in  order  to  partially  fr«e  it  from  extraneous 
matter,  thereby  increasing  the  average  percentage  of  metallic  copper  beibic 
offering  it  for  sale. 

The  first  of  these  operations  is  technically  known  as  "jigging"  the  ore  in 
a  cistern  of  water.  Formerly  this  was  universally  done  by  filling  a  quantitT 
of  ore  into  a  copper-bottom  sieve,  and  then  taking  it  by  the  handles,  plimgmg 
it  into  the  cistern,  giving  it  a  jerking,  and  at  the  same  time  a  scmi-rotatoiy 
motion.  The  act  of  forcing  it  quickly  into  the  water,  causes  a  momentnx 
suspension  of  the  lighter  pieces ;  after  a  few  repetitions  of  the  process,  these 
are  found  ranged  at  the  top,  wliile  the  largest  fragments  of  ore  sink  to  flie 
bottom  of  the  sieve,  nearly  in  the  order  of  their  specific  gravities.  A  fids 
stratum  is  now  scra2>ed  off  the  top  and  thrown  aside,  a  fresh  quantity  of  ore 
added  to  that  already  in  the  sieve,  and  the  process  repeated.  The  process  tf 
continued  imtil  tlic  contents  of  the  sieve  consist  almost  exclusively  of  ore  <tf 
average  richness,  when  it  is  delivered  to  **  pile."  In  the  bottom  of  the  dsten 
there  will  have  been  collected  the  fine  particles  of  ore  which  passed  through  tlte 
meshes  of  the  sieve :  the  water  is  dmined  off,  and  this  is  also  carried  to  "pilfi' 
The  very  finest  ore  held  in  suspension  by  tlie  water  is  collected  and  cleaned. 

The  hand  process  of  jigging  is  applicable  only  to  small  quantities  of  oie: 
when  large  quantities  are  to  be  washed,  machinery  dnvcn  by  steam  or  water- 
power  is  substituted  for  the  hand  sieve ;  and  the  manual  labour  employed  is 
confined  to  filling  and  skimming.  Machine-wrought  jiggers  work  on  tlie 
same  principle  as  tlic  hand  apparatus.  The  wooden  cisterns  are  lar^ger,beii{[ 
G  feet  long.  4  feet  wide,  and  the  same  in  depth,  arranged  endwise  along  • 
narrow  shed.  At  each  end  is  a  wooden  framework  6  feet  high,  suppoiting  s 
wooden  frame  lever,  the  short  forked  end  of  which  projects  over  the  dstcn, 
and  is  connected  by  iron  suspension  straps  to  a  square  sieve.  To  the  other 
and  longer  end,  the  common  proportions  of  which  range  from  18  inches  to 
11  feet,  an  iron  rod  is  attached  in  connection  with  a  small  crank  on  the  bodr 
of  a  longitudinal  shaft,  which  is  driven  at  a  quick  speed.  A  second  lever, 
with  a  rod  reaching  to  the  attendant,  serves  to  lift  the  sieve  throng  the 
slotted  suspension  straps  whenever  a  cessation  of  the  motion  is  nqamd.  The 
sieves  measure  4  feet  by  2  feet  wide,  and  9  inches  deep,  strei^gthaned  by  iron 
bands  and  numerous  laths  across  the  bottom  to  support  the  wire-work.  lit* 
sieves  are  rarely  admissible,  owing  to  the  destructive  action  of  the  mineznlized 
water ;  and  brass  lasts  a  shorter  period  than  might  be  imagined.  The  size 
of  the  mesh  is  regulated  by  the  mesh  of  the  revolving  riddle  of  the  cnuhiiig 
mill ;  if  the  latter  is  four  to  tlie  inch  lineal,  the  sieve  will  contain  ^re  or  six. 
An  end  view  of  a  jig^g  apparatus  is  given  in  Fig.  1 30. 


Fig.  136.— On-Huhlni  aiipantug. 


THE  CCBCDLAR  BDDDLE.  53& 

The  OTB  cairied  away  bj  the  waUr  is  portly  collected  hy  passing  the 
eorrent  to  r  mreolar  hnddle.  At  first  it  passea  into  a  wooden  cistern,  in 
irhich  Tevolres  a  thott  cylindrical  block,  having  on  its  periphery  a  niunber 
of  stont  prqjectiDg 
■pokes.  Id  its 
revolutions  the 
■pilced  cylinder 
a^itatoB  the  liquid, 
lAlaih  OKapes  by 


tern  contaiiiiiig  a 
iPTnilar  revolving 
Uook,  aimed  with 
■k  Bnmber  of  pro- 
jveting  paddles. 
This  apparatns 
■tin  forther  agi- 
tatoa  the  passing 
mixtnie.  From 
tbe  second  cistern 
It  fioira  by  a  short  trough  into  the  upper  end  of  a  cylindrical  riddle,' 
ssrdtving  in  an  inclined  direction,  and  discharging  at  the  lower  end,  into 
a  suitable  roceptftcla,  any 
pebbly  matter.  The  fine 
particles  fall  into  the  cis- 
tern under  tlie  riddle,  and 
ore  conveyed  by  the  cuT' 
rent  to  the  centre  of  the 
buddle.  A  plan  view  of 
the  oylindeis  and  riddles, 
ahoffing  also  tbe  mode  of 
driving  them  by  bevel  gear- 
ing, is  given  in  Fig.  137. 

The  oonstraction  of  the 
bnddle  is  illustrated  by  Fig. 
138,  which  ii  a  vertical  sec- 
tion. It  consists  of  an  ex- 
ettvktion  from  ai^teen  to  twenty-fonr  feet  diameter,  and  two  or  tliree  feet  docp, 
irith  a  floor  rising  eight  or  nine  inches  to  the  centre,  where  there  ie  fixed  a 
eonioal  wooden  block.  A  vertical  spindle  carrying  a  fannel-ahaped  hopper, 
ititti  two  prqjecting  arms,  rests  on  the  centre  block,  ajid  is  driven  by  bevel 
geuing  at  the  top.  To  each  of  the  prqjeoting  arms  is  attached,  by  cords 
rmming  orar  puUeys,  a  board,  fitted  on  the  lower  face  through  its  length 
with  a  bnuh.  The  weight  of  the  board  is  balanced  to  an  extent  fay  small 
Uooki  attached  to  the  suspending  cords.    On  one  side  of  the  exca.'Tn.tina.^&^ 
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I    small  Hlnice-gate,  throngli  nhich  the  wster  is  peimiUed  to  escaipe  aa  the  ei- 
cavation  fills  with  matter.    The  ore  and  water  eater  through  the  fuiuiel,  anl 

I    stiilciiig  BgaiOEt  the  apes  of  the 

I  conical  block,  are  distribnted  tSr 
diallj  OTer  iLo  bottom.  Uotioa 
beiog  commonicated  to  the  centre 
spindle,  the  banging  boards  and 
brashes  are  drawn  lightly  over 
the  surface  of  the  accnmnlaling 
ore.  By  attention  to  the  bal&nc- 
iug  weights  attached  to  the  cords, 
the  pressure  with  which  the 
brushes  press  on  the  mass,  dur-  "*' '"' 

ing  their  passage,  may  bo  regulated  to  the  Teqnirements  of  the  ore.  The 
velnc  of  the  deposit  ia  the  excavation  is  determined  in  the  same  mannw  a 
with  the  simplest  kind  of  huddle;  namely,  the  richest  portions  at  theheadd 
centre,  near  the  entrance  of  the  liquid,  gradually  ilinii-niHl>ing  in  -ndne  to  tbi 
edge  of  the  pit,  where  a  broad  ring  of  "  tailingB,"  or  worthless  matter,  it 
taken  out.  The  central  portion  is  carefully  taken  out  aa  clean  ore,  while  tbt 
{Kirtion  between  tliis  and  the  tailings  is  subjected  to  a  repetititm  of  tba 
agitating  end  buddling  process. 

Tlie  water  from  the  buddle  holds  in  mixture  a  qnantity  of  fine  ore,  whict 
separates,  to  a  great  extent,  hj  alloiring  the  water  to  remain  for  a  period  a 
large  pits ;  it  is  then  drained  off,  mid  the  sediment  deposited  on  the  botlto 
removed  to  undergo  a  cleansing  process.  This  may  consist  of  a  reTolving 
"  trunkiug"  apperatue.  A  revolving  spindle  carries  two  broad  paddles ;  tfacM 
work  in  a  small  cistern,  into  which  the  fine  ore  is  placed,  and  a  stream  of 
water  enters.  In  front  of  the  small  datam  ia  a  longer  cistern,  of  the  same 
width,  but  slightly  declining  to  the  outlet.  With  each  revolntisn  <i  the 
paddles,  a  small  quantity  of  the  mixture  passes  into  the  long  ciiteai,  aai 
(lowing  slowly  over  the  smooth  auiface,  (he  solid  matter  anapended  in  tte 
water  is  again  deposited;  hut  tbis  time  ia  bands  of  vftt^ing  lichneM, the 
heaviest  and  most  valuable  particles  being  at  the  upper  end.  A  portion  tt 
the  remainder  is  placed  aside  for  re-operating  ou ;  but  the  extreme  piwticn  ji 
not  of  much  value,  if  the  operation  has  been  carefully  conducted. 

hieution  must  be  made  of  the  ore  rqected  as  too  small  by  apallera  and 
cohbers;  it  is  picked  over,  and  the  richest  pieces  passed  to  the  best-oreheap 
The  icmaindei'  is  subjected  to  a  riddle  with  inch  meahes,  and  again  throng 
one  with  half-inch  mcshea.  The  large  from  both  these  processes  is  picked 
over,  and,  along  with  the  Email,  subjected  to  dressing  operatdona  aimilii  to 
those  aheady  described. 

In  addition  to  the  returns  from  the  ores  obtained,  some  of  the  rdDa 
yield  considerable  quantities  of  precipitated  copper  from  the  cupicons  waten 
The  prevailing  ore  being  the  eidphurct  of  iron  and  copper,  a  portion  of  the  i 
metal  is  dissolved  by  the  sulphuric  acid,  and  held  in  solution.  The  aetioD 
of  this  acid  water  on  the  iron-work  of  the  pumps,  as  well  as  on  the  engine-  | 
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boilers,  is  most  energetic,  destroying  annually  several  thousand  pounds'  worth 
of  boilers  alone.  By  allowing  it  to  flow  into  cisterns  or  hutches  to  deposit 
the  muddy  matters  in  suspension,  and  then  into  other  cisterns  containing 
scrap-iron  resting  on  suitable  wooden  supports,  a  quantity  of  impure  copper 
is  deposited  at  the  expense  of  the  iron.  Theoretically,  a  ton  of  iron  should 
be  more  than  sufficient  to  precipitate  a  ton  of  copper ;  but  in  practice  the 
consumption  varies  from  four  or  five  to  nearly  twenty  of  scrap  to  one  of 
copper.  The  cause  of  the  action  on  iron-work,  iJiough  explained  on  chemical 
grounds,  seems,  in  many  instances,  to  arise  from  the  presence  or  absence  of 
some  alloy  with  the  iron.  Steam-boiler  plates  are  frequently  attacked,  ap- 
parently in  a  very  capricious  manner ;  small  portions  are  dissolved,  while 
the  ac^oining  part  continues  nearly  unacted  on. 

Bale  of  the  Copper  Ores. — In  the  iron  manufacture,  the  mining  and  rais- 
ing the  ores,  fuels,  and  fluxes,  which  are  usually  found  in  close  proximity  to 
each  other,  and  the  operations  of  smelting,  refining,  and  conversion  into 
malleable  iron,  are  generally  combined  in  one  firm,  whose  returns  are  derived 
from  the  sale  of  the  finished  iron.  Copper-mining  is  a  branch  of  industry 
quite  distinct  from  copper-smelting;  and  though,  in  a  few  instances,  smelters 
have  a  personal  interest  in  mines,  as  a  rule,  tlie  mine-proprietor's  interest 
in  the  ore  ceases  at  the  mine.  The  copper  ores  having  been  as  completely 
dressed  as  local  circumstances  will  allow,  they  are  conveyed  to  the  neigh- 
bourhood of  Swansea  for  smelting,  where  the  fuel  is  obtained  at  a  compara- 
tively cheap  rate. 

The  final  operation  on  the  ore  at  the  mine  consists  in  sorting  the  quantity 
raised  into  piles  of  different  degrees  of  richness,  if  the  quantity  is  consider- 
able, weighing  each  lot  previous  to  depositing  it  on  the  floor,  and  appending 
a  wooden  ticket  of  the  weight.  It  is  now  sold  by  tender  to  the  highest 
bidder  among  the  smelters.  The  value  rises  and  falls  according  to  the  price 
of  copper,  and  according  to  the  percentage  of  copper  in  the  ore.  To  ascer- 
tain nearly  the  current  value,  a  portion  of  the  ore  well  mixed  is  taken  as  a 
Hair  sample  of  the  contents  of  the  pile,  crushed  fine  in  a  mortar,  and  sub- 
mitted to  a  crucible  assay  in  a  wind-furnace  along  with  the  requisite  fluxes. 
The  assayer  of  each  smelting  establishment  is  supplied  with  a  portion  of  the 
general  sample,  and  the  assay  is  performed .  for  the  gmdance  of  his  em- 
ployers. From  this  assay  an  approximate  estimate  is  formed  of  the  per- 
centage of  metallie  copper  in  the  lot  for  sale,  and  consequently  of  the  value 
of  the  ore  with  copper  at  a  stated  price.  Assuming  copper  to  be  worth  £}  20 
per  ton  of  20  cwts.,  and  the  ore  to  contain  by  assay  8  per  cent,  of  metallic 
copper  (an  average  yield  for  some  British  ores),  the  smelter  estimates  that  it 
will  require  12*5  tois  to  produce  a  ton  of  copper,  and  accordingly  ofi'ers  at 
the  rate  of  £9  12«.  per  ton,  less  the  cost  of  converting  the  ore  into  metal,  and 
smelter's  profit.  This  deduction  goes  under  the  name  of ' '  returning  charges," 
and  comprises  all  eipenses  which  the  smelter  incurs  from  securing  the  ore 
from  the  miner  to  thi  completion  of  the  smelting  process.  The  sum  deducted 
for  ores  in  Cornwall  is  £2  i5«.;  for  those  at  Swansea  sales,  £2  5«.  per  ton. 
This  gives  the  miutr  ^6  17«.  per  ton  for  his  ore;   but,  through  a  long- 
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eatablished  rule,  he  sella  to  the  smelter  2 1  avrts.  foT  a  too,  gi'nDg  l)i«  Utl«  ■  | 
bonus  of  five  p«r  cent. ;  thus  reducing  the  muier'e  share  to  dO  10*.  Od.  th«  i 
lagnl  tnn.  Under  such  cireumstanccs,  the  proportion  going  to  the  mifMor  ii  | 
£61  1B».  Sd.,  and  to  the  ameller  £S»  3».  9d.,  for  the  ton  of  capper  at  £l».  ' 
In  reitlitif.  howeTer.  the  smelter's  share  is  much  larger,  the  aasaj  faSiug  i 
eonsidcrabl;  under  the  jiield  in  the  large  way,  as  Is  demouatrated  b;  aecn-  I 
rat']  chemical  analyBJe. 

When  the  prodnce  is  Urge,  as  in  tho  case  of  several  of  the  Caban  and  i 
Australian  oreB,  a  somewhat  arbitrary  sjatam  of  fixing  the  prica  is  adopted.  | 
The  £i  0«.  returning  charge  is  augmented  to  f'JO  or  £'ii  ia  very  ricli  aiei.  \ 
For  iustance.  a  parcel  of  Cuban  ore  at  Swansea,  of  fts  per  cent,  prodnce  bf  | 
assay,  brings  only  £63  I^..  though  copper  is  selling  at  £12^.     In  this  case  | 
the  miner  is  paid  £100  l&t.  IM.,  and  the  smelter  receives  £23  1(.  lid.,  a:  > 
£H  10».  per  ton  of  ore  for  returning  charges.     This  ineqnalj^is  met  by 
paying  fur  very  poor  ores  a  price  greater  than  Uteii  peroentage  and  tiadt 
usage  Boem  to  warrant.    With  copper  at  a  similar  price,  orea  containing  ^'li 
per  cent,  brought  £^  It.  per  ton  of  !0  cwts.,  or  £87  1&(.  per  ton  of  eopper, 
leaving  £38  bi.  or  £2  it.  per  ton  of  ore  for  returning  cliargea.     Thus,  whsl- 
ever  be  the  percentage  of  copper  in  the  ore,  the  returning  charges  are   , 
modified  so  as  to  give  the  smelter  a  sum  of  nearly  £40  for  each  ton  li 
eopper  as  bis  share  of  the  proceeds. 

The  system  of  submitting  the  ores  for  sale  by  tender,  seems  equitable, 
and  cidciiliitcd  to  give  the  miner  tlie  real  value  of  Ills  ores ;  but  the  competi- 
tion is  limited  to  too  sraoll  a,  number  completely  to  enstire  this  desideratum. 
The  smelting  of  the  ores  is  performed  by  about  twelve  firms ;  but  the  control 
of  the  trade,  the  regulation  of  prices  and  wages,  and  the  prosperity  of  the 
miner  generally,  are  in  the  hands  of  three  firms,  who  collectively  puichtw 
more  than  a  half  of  the  total  quantity  of  ores  sold  in  Cornwall  and  Wales; 
wtiilu  the  porcbasea  of  six  of  the  remoiniug  nine  firms  do  not  amonnt  to 
more  tlion  one  of  the  larger  ones.  In  consequence  of  this  conc^ttration  of 
the  trade  iu  the  hands  of  three  private  firms,  the  competition  ^stem,  so  fu 
from  ofibrding  t1)e  miner  the  value  of  his  ores,  is  altogether  illusory.  A  con- 
sideration of  tJie  lymilicting  interests  of  miner  and  smelter  is,  however,  forngn 
to  the  objects  of  tliia  work;  althongh  it  may  be  permitted  us  to  remark,  tlial 
the  baneful  efiecta  of  n  system  which  places  such  nnlimiled  power  in  thdr 
hands,  is  only  too  apparent  iu  tlie  paacity  of  inventions  emanating  from  the 
smelting  interests. 

The  rapid  increase  in  tlio  quantity  of  copper  ore  mixed  in  Cornwall  and 
Devon,  since  the  beginning  of  the  last  century,  is  well  exemplified  in  the 
following  abridgment  of  atatistics  from  the  Sliiiing  Jourtal : — 
Year.  Tans  of  coppor  ore. 

1782        -        .  1,71*  , 

1708  2t,S84 

1800   .   .  is,asi 

1810  01,473 

1840  147,206 
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For  1856,  the  returns  are  200,305  tons  of  ore  for  Cornwall  and  Devon, 
realizing  j£l, 283,680,  or  an  average  price  of  ^0  28.  M.  long  weight.  During 
the  same  period,  the  ore  sold  in  Wales  amounted  to  46,481  tons,  realizing 
j8698,413,  or  an  average  price  of  ;£15  Os.  6d.  The  estimated  quantity  of  fine 
copper  in  the  255,786  tons  of  ore  was  19,745  tons. 

The  ore  from  the  Cornwall  district  is  the  produce  of  more  than  140  mines — 
110  of  which  raise  more  than  200  tons  annually.  One  mine  produces  nearly 
30,000  tons;  one,  10,000 ;  tliree,  8000 ;  four  over  5000 ;  fifteen  over  3000  tons ; 
the  remaining  eighty-six,  smaller  quantities.  The  ores  sold  at  Swansea  are 
composed,  the  one-half  of  the  produce  of  Cuban  mines,  the  otherhalf  of  Spanish, 
Austrahan,  French,  African,  Irish,  Welsh,  and  South  American  mines. 

Copper  Smelting. — The  extraction  of  copper  in  the  metallic  state  from 
its  ores,  is  effected  principally  in  the  neighbourhood  of  Swansea,  in  South 
Wales.  This  locality  is  admirably  adapted  for  the  purpose,  on  account  of 
the  ready  accessibility  of  the  port  for  ships  from  all  quarters ;  on  account  of 
the  abundance  of  coals  in  the  neighbourhood ;  as  well  as  of  all  the  other 
materials  necessary  for  the  smelting  operations.  The  abundance  of  coals  is 
of  advantage,  not  merely  for  saving  of  cost  of  fuel  at  the  furnaces,  but  also 
on  account  of  the  reduced  cost  of  freight  of  ores  from  Devon  and  Cornwall, 
arising  from  ships  having  back-freights  ready,  for  coals  to  the  mines  from 
which  the  ores  were  obtained.  By  far  the  greater  number  of  the  smelting- 
works  in  Great  Britain  are  congregated  within  a  few  miles  of  Swansea.  The 
supplies  of  ores  are  obtained  from  Devon,  Cornwall,  Anglesea,  the  Isle  of 
Man,  Ireland,  Jamaica,  Cuba,  Chili,  Peru,  New  Zealand,  the  Cape  of  Good 
Hope,  and  Australia. 

The  greater  portion  of  the  ores  imported  into  Swansea  are  sulphurets  of 
copper,  metallic  copper,  oxides,  carbonates,  phosphates,  silicates,  arscniates, 
associated  with  minerals  of  iron,  arsenic,  antimony,  silver,  lead,  zinc,  and 
tin,  as  well  as  with  the  earthy  minerals  of  lime,  magnesia,  sihca,  alumina, 
baryta,  and  strontia.  With  the  ores  are  also  required,  as  fluxes,  lime,  silica, 
clay,  and  fluor  spar.  Most  of  these  are  obtained  from  the  immediate  neigh- 
bourhood, but  the  fluor  spar  is  procured  principally  from  the  Tamar  Mines. 

Successful  economical  management  of  smelting  operations  is  dependent 
principally  on  the  due  assortment  of  the  ores  for  the  various  operations  in- 
volved in  the  preparation  of  them,  and  for  the  final  production  of  metallic 
copper.  These  operations  are  ten  in  number ;  and  for  them  the  crude  ores 
are  assorted  into  five  classes,  viz. : — 

Ist.  Such  orfes  as  contain  three  to  sixteen  per  cent,  of  copper  combined 
with  sulphur,  and  with  iron  also  mineralized  with  sulphur,  forming  iron 
pyrites  and  arsenic  associated  with  quartz  and  other  siliceous  and  eartliy 
minerals. 

2nd.  Ores  of  similar  constitution,  but  containing  from  fifteen  to  twenty- 
five  per  cent,  of  copper. 

3rd.  Sulphurets  of  copper,  with  less  of  the  sulphurets  of  iron,  containing 
fifteen  to  twenty  per  cent,  of  copper,  a  portion  of  which  is  in  the  state  of 
oxide,  principally  associated  with  siliceous  minerals. 
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4th.  Priucipally  oxides  and  carbonates  of  copper  with  some  of  the  sol- 
phnrets  of  copper,  contaiiiing  from  twenty  to  thirty  per  cent,  of  pure  metal; 
the  associate  minerals  being  prindpaUy  siliceous. 

5th.  Rich  oxides  of  copper,  free  from  sulphur  and  arsenic,  or  other  metak 
which  can  have  an  injurious  effect  on  the  metal,  obtainable  from  these  ores, 
which  contain  from  sixty  to  eighty  per  cent  of  copper ;  the  accompanying 
minerals  being  cliiefly  quartzose.  They  are  obtained  priucipally  from 
Australia  and  Cliili. 

The  ten  operations  involved  in  the  treatment  of  these  ores  are  as  follow : — 

1 .  Boasting  or  calcining  ores  of  tlie  first  and  second  class,  for  the  separa- 
tion of  such  of  the  constituents  as  are  capable  of  being  volatilized  by  the 
action  of  heat — such  as  suli)hur,  arsenic,  zinc,  antimony,  &c. 

2.  Fusion  of  the  calcined  product  of  the  fijrst  operation  with  minerals  of 
the  second  class  not  previously  calcined.  This  operation  is  termed,  meltuig 
for  coarse  metal. 

3.  Boasting  of  coarse  metal. 

4.  Melting  for  wliite  metal.  In  this  operation,  the  coarse  metal  is  fused 
together  witli  ores  of  tlio  fourth  class. 

5.  Melting  for  blue  metal.  The  calcined  coarse  metal  is  fused  with 
roasted  ores  rather  rich  in  copper. 

0.  Remelting  of  slags  from  Operations  4,  7,  and  8. 

7.  Boasting  of  white  metal  for  the  production  of  white  metal  of  supeziox 
quality. 

8.  Roasting  for  regule. 

9.  Preparation  of  crude  copper  by  roasting  and  fusion  of  regale. 

10.  Beiiuing  and  toughening  of  ci-ude  copper,  producing  fine  metaL 

For  the  purpose  of  showing  clearly  the  character  and  objects  of  these  tan 
operations,  considered  in  detail,  the  following  statement  of  analyses  of  tlia 
constitution  of  the  more  common  ores  is  necessary : — 

Cox)per  Antimony  Sulphur 

Iron  Zinc  Alumina 

Arsenic  Lead  Silica 

The  separation  of  the  copper  in  a  state  of  purity  is,  of  course,  tha 
of  all  the  operations  just  enumerated.  As  a  simple  chemical  qaestum,  il 
be  comparatively  easily  done  on  the  scale  of  ordinary  laboratory  operatunis; 
but  for  practical  purposes,  the  same  means  cannot  be  adopted,  j^imdfalOj 
on  account  of  the  too  great  cost  of  tlie  agents  required,  but  also  becftose  oi 
the  too  great  nicety  of  process  for  the  ordinary  labour  employed  in  each 
extensive  operations. 

Tlie  First  Operation  has  for  its  object  the  separation  of  all  the  substances 
capable  of  being  volatilized  by  heat.  Tliis  is  effected  by  exposing  the  ore, 
in  a  roughlj-pulverized  condition,  to  tlie  conjoint  action  of  heat  and  of  the 
atmosphere  in  a  reverberatory  furnace,  shown  in  plan  and  section  in  Pigs. 
139  and  UO. 

The  furnace  consists  essentially  of  a  fire-place  for  the  production  of  the 
heat,  and  of  the  sole,  or  laboratory,  on  which  tlie  crude  ore  is  subjected  to 
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ts  Action.  They  ftre  diTJded  from  each  other  by  the  bridge,  which  is  i 
ibncted  as  to  admit  heated  air  to  the  gases  produced  in  the  fire-place,  whiob. 
Tot  the  regular  distribution  of  the  heat  over  the  whole  of  the  sole  of  the  for- 
aace,  requires  to  be  ignited,  not  within  the  fire  place,  but  at  the  back  of  the 
bridge,  so  entering  into  fiiU  combustion,  and  producing  streams  of  flame  o 
ibe  -whole  surface  of  the  sole  As  the  production  of  an  OKidatmg  flame  should 
be  the  object  in  this  fbmace  tho  proper  artangement  of  the  bridge  for 
KmtTolling  the  admiamon  of  air  is  of  the  greatest  importance  The  regu- 
lar distributioo  of 
;he  heat  overthe 
whole  of  the  fur- 
nace is  effected 
by  having  the 
trch  thrae  feet 
high  over  the 
ttridge,  gradually 
diminishing  to 
one  foot  over  the 
back  bridge.  Tho 
sole,  or   Ishora- 

[or;  of  the  foraace,  is  asnally  from  sixteen  to  twenty  four  feet  square  having 
two  doors  on  each  side,  through  which  the  workman  rakea  over  or  rabbles 
the  charge  of  ore  at  in 
terrals  of  one  and  a  half 
to  two  hours,  fi 
expose  fresh  surfaces  to 
the  action  of  the  heated 
air  passing  overit  The 
charge  is  mtrodoced 
through  hoppers  fixed 
in  the  arch  of  the  for 
nace  and  when  the  cat 
cination  is  completed,  it 
IB  drawn  through  holes 
in  the  bed  or  sole  of  the 
l\imace  into  an  arched 
recess  below  The  bed 
of  the  furnace  may,  vitli 
advantage  be  extended 
Hf  no  to  sixty  feet  by  Bixteeii 

feet,  being  divided  mto  four  different  parts  each  three  inches  higher  than 
the  other  The  consumption  of  coals  in  this  operation  need  be  but  ven 
small,  as  when  the  ore  is  first  introduced  the  assistance  of  heated  air  alom. 
La  BuScient  to  maiotam  the  combustion  of  the  snlphar  of  the  ore,  the  heat 
from  which  canses  the  evolntion  of  arsenious  acid  from  the  arsenic.  The 
gradual  increase  of  heat  in  the  charge  is  very  necessary  to  be  provided  for, 


042 


EVOLUTION   OF  SULPHUR  AKD  AHSEMIC. 


OS  mtli  too  luucli  heat  tlie  cliartxe,  while  still  holding  much  sulphur  and 
arsenic  in  combiuatiun,  is  very  liable  to  be  fused ;  and  in  this  condition  the 
evolution  of  the  sulphur  and  arsenic  is  very  much  impeded,  as  is  also  the 
oxidation  of  the  other  metals  present.  When  the  charge  is  drawn,  it  still  con- 
tains some  sulpliurets  and  some  sulphates ;  most  of  the  sulphur,  arsenic,  anti- 
mony, and  zinc,  will  Iiavc  been  evolved ;  the  copper  and  the  iron  not  remain- 
ing in  combination  with  sulpliur,  will  have  been  converted  into  oxides  :  and 
tlie  siliceous  or  eartliy  matters  will  remain  unchanged.  Unless  a  ven-  lar^ie 
quantity  of  ui-senic  and  otlier  volatile  metals  shall  have  been  driven  off,  tJie  i 
charge,  when  drawn,  will  not  dilTur  much  in  weight  from  the  charge  put  into 
tlie  furnnoe,  as  the  sulphur  evolved  will  have  been,  to  a  considerable  extent, 
replaced  by  the  oxygon  of  tlie  air,  which  vriil  have  combined  witli  tlic  otlier 
metals,  proilucing  oxides.  The  volatile  products  pass  oiT  into  the  flues,  wiicrv 
a  portion  is  deposited ;  but  tlie  remainder,  cousistiiig  principally  of  suli>huroiu 
and  sulpliurio  aoids,  together  with  the  carbonic  acid,  water,  and  nitrogen,  the 
products  of  the  combustion  of  the  fuel,  are  diffused  from  the  top  of  the  chim- 
ney tlinuigh  the  surrounding  atmosphere ;  producing  such  effects  on  the 
adjacent  vegetation,  as  prevent  sti-angers  from  agreeing  with  the  beUef  of  J 
natives,  that  copper-smoke  is  not  inconsistent  witli  human  longevity'.  The  , 
frosted  npiuaniiu'e  of  the  glass  in  the  windows  of  houses  accessible  to  copper  • 
smoke,  indicates  tlie  presence  also  of  fluoric  acid  in  tlic  smoke,  which,  nctins 
on  the  silica  of  the  glass,  affects  its  transparency.  It  has  been  estimated  ' 
that  in  St)Uth  Wales  alone  about  50,001)  tons  of  suli)hur  arc  annually  dissi-  | 
pated  in  the  atmosphere,  in  the  fonn  of  sulphurous  and  aulpUuxic  acids.         | 

By  the  adoptiim  of  means  to  be  herenfter  noticed,  a  very  large  proporti'in  . 
of  this  sulphur  might  be  rendered  available,  in  tlie  form  of  sulphuric  acid.f;>r  i 
the  numerous  manufacturing  purposes  for  which  tliis  importaut  chemioal  apcut  i 
is  re(piirod :  and  thus,  while  a  valuable  product  is  obtained,  the  deleterious  • 
effects  on  tlie  suiToundiug  country  might  be  confined  to  a  much  more  limited  j 
extent.     In  certtiin  conditions  of  the  atmosphere,  the  copjicr  smoke  Cdh 
heavily  ov(;r  the  neighbourhood,  extending  for  three  or  four  miles  from 
the  works ;  and  the  i'og  produced  by  it  is  so  dense  as  almost  to  render  fte  j 
roads  im])aRsal)le.    In  order  to  avoid  the  effects  of  this  smoke  in  one  plaoe,! 
chiinnev  has  been  built  up  over  the  side  of  a  mountain,  suilicientlv  larse  to 
drive  a  coach  tlirou;;li.    Attempts  have  been  made  to  condense  it  cumpletelr 
with  the  aid  of  water  falling  in  showers  through  tlie  flues ;  but  as  yet  the 
coke  towel's,  siu'cesslully  used  in  the  soda  manufactories  for  the  oondenaiiri  'C 
of  muriatic  acid  vax)our,  have  not  been  fairly  tried,  alUiough  equal  siiccis^ 
might  be  anticipated. 

The  rcverbemtory  furnace  may  be  built  of  copper  sing  Mocks,  cast  in 
moulds  eiglit4»en  inches  by  nine  inches,  faced  inteniiilly  with  liro-brirk.  aail 
externally  with  firebrick  or  common  brick;  the  whole  laid  with  fire-clar: 
the  fronts  and  sides  covered  with  plates  of  cast-iron,  suitably  hound  togttJjcr 
with  cast-iron  studs  and  ^n'oughtiron  braces.  The  products  of  eombu*tiiU! 
pass  off  ovj;r  the  back  bridge  into  a  descending-flue,  on  into  undcrgTvunJ 
flues,  cominunieathig  with  the  main-shaft  or  chimney. 
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A  still  inrther  ecouomjr  of  fuel  than  tliat  already  iudicnted  may  be  effected 
by  cooBtnietiug  the  back  beds  of  the  furnace  of  pl&tsH  of  caBt-iron,  causing 
the  hcnted  air  and  gsBcs  to  circulate  in  flues  below  the  plates  before 
finally  paauug  away  tbrougli  the  descending-flue.  The  cast-iron  soles  arc 
EDore  durable  than  tlie  firo-brick  usually  employed ;  and  the  labour  for  rab- 
bling or  turning  over  tho  charges  may  be  applied  with  much  greater  effect. 
Xienglbfncd  experience  has  ahoim  that  the  cast-iron  plates  am  not  affected 
by  tlie  onited  action  of  heat  and  sulplinr,  as  might  have  been  anticipated. 
On  this  head,  see  further  tlio  article  on  Ti»  Smelling. 

Jiecond  Ojierittion, — Tlie  reverberatoiy  furnace  employed  in  this  operation 
ia  about  one-third  of  the  capacity  of  that  employed  for  calciniug  tlie  raw  ore, 
aappoaiAg  it  to  be  a  single  fiinioce-  Its  constmctlou  is  Ehov-n  in  Figs.  141 
and  141.  Xtia  eonstrueted  «lfio  of  tho  eame  materials ;  hut  as  a  very  much 
greater  heat  is  produced  within  it,  mneh  note  ceie  is  necessary  in  its  con- 
stenction.  It  ii  eluuged  through  the  helper  with  about  20  c\vt  of  material, 
consisting  ct  aolciued  ote  frmu  the  first  operabon  a  HHiall 
pmjtorlion  of  crude  ore.  a  BiuaJl  quantity  rif  Uuor  spar  as  a 
flax,  eome  of  the  seoria  of  tlie  same  operation  and  fusible 
Booria&om  the  foiirtli,  fiftli,  tuid  seventh  operationa  The  'i| 
ore  and  flus  having  been  introduced  through  the  hopper  the 
workman  rapidly  si>rcads  the  cho 
bed  of  the  furnace,  and  Aen  introdDces  the 


ta  0  f  U  c  jri  Ihc  fumaLu  door 
riif  Uy  closed  up  and  for  three 
nnd  a  half  hours  the  fire  is  st«adily 
raaaed,  the  charge  being  left  uiuUsturbed  Witlun  Imlf  an  hour  eSar  ilie 
eloinng  of  lhefuniaoe,the  fusion  of  tlie  scoria  commeuces  it  floats  down  and 
C&rries  the  heat  rapidly  11 1 rough  tlic  charge  nhicli  unmcdmtuly  btguis  to 
give  offsnlphurousand  other  gBsos,  causing  an  cbnltibani.f  the  bquid  scona 
A  rapid  reaction  is  produced  between  tlie  eartliy  nnd  metolhc  constituents, 


fa  and  silica  entering  into  combination,  and  wiUi 
of  the  fluor  Bpar,  forming  wilJi  tlie  olumina  present  a  very  liquid  scoria, 
tbrongh  wlkich  the  heavier  fused  sulpliuret  of  copper  falls  to  tiie  bottom, 
where,  from  the  peculiar  lioUow  form  of  the  bed,  it  ia  all  brought  together. 
At  the  cad  of  tliroe  and  a  half  hours  tlio  furnace  door  is  opened,  tlic  furnace- 
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o  clcftTB  off  witli  liiti  laJce  the  imfuBied  portions  remaiiuiig  ftraimd  the  u 
or  llie  furnace,  turning  tbcm  inU)  the  liquid  moss,  vhich  acts  rapidly  on  them, 
redacing  them  elsa  to  the  liqnid  conditioii.  The  door  is  ngnin  closed  ud 
tlic  lire  urged  on  to  greater  intensity.  At  the  end  of  another  quarter  of  id 
lionr  the  fomacc  is  oLrsfnllf  tapped  at  the  bottom  of  the  bosui,  so  ss  to  allow 
tlie  liquid  mass  to  run  oiT  into  an  iron  cvlinder  immersed  in  water.  In  thii 
mnjuicr  the  maes  ii  grsnulnted  and  brought  into  a  suitable  form  for  the  next  { 
operation     WJiilo  tlie  hquid  inaBa  la  still  running  off,  the  fumace  door  , 


d  aud  the  hqiul 

raked  off  mlo  moulds  f 

hy  digsuiB  oblong  caviti 
sand ;  or  it  is  sometimi-a  t^  [...,^^  1 
if  snfficientlj  clear  of  coppi^  { 
in  cast  iron  moulds  forming 
blacks  soitable  for  a  vanelj''  ol 
building  piirpo.ws.  As  soon  as  ; 
the  charge  is  draiiTi,  the  fur-  : 
nacoiErcchfti^ednndthework  j 

continued  na  before ;  so  tliat  in  | 

twenty-four  hoars,  six  charges  ^§^ 
are   passed   through  the   fur- 
iviJoTit  that  ores 

containing  fluorspar  arc  more  valuable  than  those  ifhich  contain  eilicaalow; 
s  not  only  do  they  not  contain  so  much  silica  to  be  remared.  but  they  >1k 
proride  a  Dux  for  otiicr  ores  which  arc  siliceous.  It  is  evident.  tberefen,tlul 
much  judgment  is  requisite  for  the  due  assortmentof  the  ores  for  this  procts- 
Tlie  object  of  this  operation  is  to  separate  the  metallic  from  the  earthy  aafr 
ters ;  and  so  we  find  tliat  the  products  consist  of  about  one- third  coarm  ndal- 
eomposod  principally  of  sulphuret  of  copper  and  snlphuret  of  iron  in  near!.'' 
equal  qnanlitica,  and  of  tivo-thirds  scoria,  containing  iron,  silica,  alniniiii- 
lime,  and  fluoride  of  enlcium  or  flnor  spar,  all  fused  together  into  one  homi^ 
geneona  substanoe.    The  cast  blocks  of  scoria  are  carefollj  examined  iri^n 
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cold,  to  determine  whether  any  of  the  coarse  metal  be  left  in  it.  The  peculiar 
eoloar  and  form  of  fracture  of  the  brick  gives  a  very  nice  indication  of  the 
quantity  of  copper,  down  to  so  minute  a  proportion  as  n^th  to  Tuovth  part. 
The  portions  contaiaing  matt  or  coarse  metal,  usually  amounting  to  about 
seven  i>er  cent,  are  separated,  and  reserved  for  a  new  charge  for  the  same 
operation,  and  the  remainder  is  carried  off  to  the  waste  lieap. 

The  fluor-spar  employed  as  flux  is  peculiarly  valuable,  both  as  a 
mechanical  and  chemical  agent.  Under  the  influence  of  heat  it  fuses  on 
coming  into  contact  with  silica,  the  calcium  obtaining  oxygen ;  the  silicon 
and  fluorine  set  free  from  the  calcium  combine ;  and,  as  a  gaseous  product,  in 
pasQsing  off,  produce  on  agitation  of  the  fluid  mass,  which  is  highly  conducive 
to  the  perfect  reaction  of  the  various  constituents  on  each  other.  The  lime 
thus  aet  free  immediately  enters  into  combination  with  another  x>ortion  of 
silica,  forming  with  the  other  earthy  matters  present,  tlirough  the  assistance 
of  a  portion  of  the  iron,  a  very  fluid  slag;  the  cylinder  containing  the 
gramilated  matt  is  lifted  out  of  the  water  by  a  crane  fixed  to  the  furnace, 
and  is  removed  in  wheel-barrows  or  waggons  to  the  furnace  employed  for 
tbs  next  operation. 

Third  Operation, — For  this  process,  precisely  the  same  sort  of  furnace  is 
vaed  as  for  the  first  operation.  It  is  charged  in  the  same  manner,  from  tlie 
happen  on  the  roof  of  the  furnace,  with  the  product  of  the  second  operation, 
which  may  be  regarded  as  copper  pyrites  free  from  gongue  or  earthy  matrix, 
and  containing  about  thirty-three  per  cent,  of  copper.  The  heat  employed 
in  this  operation  is  much  greater  than  in  the  first,  as  the  constituents  of  the 
charge  are  not  nearly  so  fusible.  The  object  is  to  drive  off  as  much  as  pos- 
sible of  the  remaining  sulphur.  The  fire  requires  to  be  managed  so  as  to 
produce  an  oxidating  flame ;  that  is,  flame  greatly  supercharged  with  atmo- 
spheric air,  undecomposed,  but  liighly  heated  by  tlie  fuel.  This  necessity 
arises  from  the  fact  that  heat  alone  is  not  sufficient  for  tlie  expulsion  of  the 
sulphur ;  but  when  heated  oxygen  is  brought  into  contact  with  the  materials 
of  the  charge,  it  partly  combines  with  the  sulphur,  formiiig  sulphurous  acid, 
the  detachment  of  the  sulphur  from  the  iron  and  the  copper  being  facilitated 
by  the  intervention  of  other  quantities  of  oxygen,  entering  into  combination 
witli  the  metallic  bases  forming  oxides,  principally  of  copper  and  of  iron. 
The  alternate  employment  of  an  oxidating  or  clear  flame,  and  of  a  reducing 
or  smoky  flame,  is  advantageous,  as,  under  the  influence  of  the  former,  sul- 
phates are  sometimes  formed.  The  residuary  sulphurets,  witli  the  sulphates, 
are  more  rapidly  decomposed  by  their  reaction  on  each  other,  under  tlie 
influence  of  the  reducing-flame,  tlian  they  would  otlierwise  have  been,  the 
sulphur  of  the  sulphuret  combining  witli  a  portion  of  tlio  oxygen  of  the  sul- 
phuric acid  of  the  sulphate,  its  base  obtaining  its  oxygen  from  the  same 
source,  the  sulphurous  acid  passing  off.  The  charge  begins  to  throw  off 
vapours  as  soon  as  it  gets  red-hot  throughout,  or  in  about  two  hours  after  it 
is  put  into  the  furnace.  It  is  then  well  raked  over,  to  cause  eveiy  portion  in 
succession  to  be  exposed  to  the  action  of  the  heated  air  passing  through  the 
fbmace.    The  rakLog  or  rabbling  is  repeated  every  two  hours,  the  heat  being 
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maintained  as  high  as  possible,  short  of  causing  the  charge  to  fuse.  At  the 
end  of  twenty-four  honrs  the  heat  will  be  eqnal  to  abont  cherry-ied ;  and  at 
the  end  of  thirty-six  honrs  at  a  bright  red,  by  which  time  the  calcination 
should  bo  complete  and  tlie  charge  ready  to  draw.  The  prodact  of  this  ope- 
ration is  "  coarse  metal,"  which  should  be  as  nearly  as  possible  pure  oxides 
of  iron  and  copper.  It  is  much  altered  in  colour,  and  reduced  to  a  coarse 
granular  condition  much  smaller  than  before.  If  well  done,  the  fragments 
are  of  a  docp  black  colour,  with  some  indications  of  incipient  fusion  on  the 
grains.  Much  more  coals  are  consumed  in  this  than  in  the  first  operation, 
but  not  so  much  as  in  the  second. 

Fourth  Operation. — The  furnace  is  of  the  same  form  as  that  employed  in 
the  second  operation,  excepting  that  there  is  no  basin-formed  recess  in  the 
bed,  but  a  gradual  slope  of  it,  so  as  to  discharge  the  whole  of  the  fused  mtss 
readily  from  a  hole  in  one  of  the  long  sides.  The  charge  is  composed  <rf 
coarse  metal,  the  product  of  the  third  operation,  mixed  with  minexBls  of  tlie 
fourth  class,  such  as  sulphuret  of  copper  free  from  admixture  of  iron  pyritei, 
or  the  carbonate  or  oxide  of  copper  and  copper  slag  from  the  ninth  and  tenOi 
operations ;  .together  with  copper  scales  from  the  rolling  of  copper  or  other 
copper  wastes,  such  as  are  produced  in  the  working  of  copper  into  utensils 
for  machinery.  The  object  of  this  operation  is  to  separate  the  iron  by  com- 
bining it  with  silica,  forming  a  silicate  of  iron,  leaving  the  copper  in  combina- 
tion with  sulphur  in  such  proportion  as  will  form  a  sulphuret  of  copper. 
With  such  a  variety  of  materials  to  work  on,  a  superior  class  of  workmen  is 
required  for  conducting  this  operation ;  for  they  are  not  limited  by  such  rigid 
rules  as  in  the  previous  operations,  being  allowed  to  operate  on  successive 
charges,  as  may  be  indicated  by  the  results  of  previous  workings  The  ma- 
terials for  a  charge  amount  to  about  thirty  cwt.  The  charge  is  introduced 
tlirough  the  side  door,  and  is  spread  over  the  bed  with  an  iron  slicer,  shaped 
somewhat  like  an  oar  or  paddle.  The  door  is  carefully  closed,  and  the  heat 
raised  as  rapidly  as  possible.  During  the  first  two  hours  a  calcination  goes 
on,  attended  with  the  evolution  of  some  sulphurous  acid,  and  an  indpent 
fusion  takes  place  as  the  heat  increases.  The  charge  flows  down,  nntil,  at  tlie 
end  of  the  third  hour,  tlic  fiision  is  complete,  the  scoria  is  very  liquid,  and 
remains  quiet  in  the  furnace.  Between  the  fourth  and  fifth  hour  the  charge 
is  well  and  rapidly  stirred  ;  the  unfused  portions  of  the  charge  adhering  to 
tlie  sides  are  turned  into  the  liquid  mass ;  and  then  the  furnace  is  again  dosed, 
and  the  heat  urged  on  until  the  whole  of  the  interior  of  the  furnace  is  raised 
to  a  dazzling  whiteness.  At  the  end  of  six  hours  the  furnace  is  tapped,  tke 
matt  is  run  into  water,  and  thereby  granulated,  the  very  liquid  scoria  being 
conducted  through  another  channel,  after  the  matt  has  been  run  off,  into 
sand  moulds.  The  scoria  is  sorted  into  two  qualities :  the  first  run  off,  having 
been  in  contact  with  the  matt,  retains  three  to  five  per  cent,  of  copper,  and  is 
reserved  for  the  sixth  operation;  the  last  portion  run  off  contains  much  kfis 
copper,  and  is  used  as  a  flux  in  tlie  second  operation.  The  matt,  consistiiig 
principally  of  sulphuret  of  copper,  still  retains  four  to  ei^t  per  cent  of  nil- 
phuret  of  iron,  and  contains  seventy  to  seventy-five  per  cent,  of  copper.  This 
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matt  is  tenned  **  white  metal."  In  its  purest  form  it  is  of  a  grayish-white 
colour,  of  a  granulated  porous  texture,  sometimes  of  a  bluish-gray  colour, 
with  a  specific  gravity  of  5*2  to  5*7.  It  is  reserved  for  the  ninUi  operation. 
The  working  somewhat  resembles  the  second  operation;  but  as  the  heat 
re<iaircd  is  much  greater,  more  fuel  is  consumed.  Twenty-two  charges  are 
worked  through  tlio  furnace  in  a  week. 

Fifth  Operation. — The  furnace  employed  precisely  resembles  that  used 
for  the  fourth  operation ;  and,  indeed,  tlie  two  operations  much  resemble 
each  other.  The  charge  on  the  present  occasion  consists  of  materials  con- 
taining fewer  metalHc  oxides  than  those  of  the  last  operation,  but  having 
more  metallic  sulphurets.  Excepting  that  some  of  tlie  products  of  the  pre- 
sent are  brought  into  other  operations,  together  with  the  products  of  previous 
processes,  it  would  hardly  require  a  separate  description,  but  would  rather 
be  an  equivalent  for  the  fourth  operation ;  its  principal  object  being,  by  the 
better  selection  of  ores  containing  a  less  variety  of  substances,  to  produce  from 
them  a  "  blue  metal,**  from  which  blue  copper  may  with  less  difficulty  be 
elaborated.  The  white  metal,  the  product  of  the  fourth  operation,  does  not 
contain  any  metallic  copper ;  but  the  blue  metal  is  characterised  by  the  pre- 
sence of  metallic  copper,  dififused  throughout  the  mass  in  exceedhigly  minute 
particles. 

About  the  same  quantity  of  fuel  is  used  as  in  the  fourth  operation,  the 
reactions  that  take  place  in  the  furnace  are  similar,  and  the  products  are 
disposed  of  in  much  the  same  manner.  The  matt  contains  from  seventy  to 
seventy-five  per  cent,  of  copper. 

Sixth  Operation. — The  object  of  this  operation  is,  by  the  combined  action 
of  the  various  constituents  of  the  slags  from  the  sixth,  seventh,  and  eighth 
operations  on  each  other,  to  cause  the  production  of  a  matt  in  which  the 
copper  in  these  slags  shall  be  brought  together.  A  small  quantity  of  copper 
pyrites,  free  from  otlier  combinations  than  siliceous  matter  in  large  propor- 
tions, is  mixed  with  the  slags.  After  the  mass  is  fused,  a  small  quantity  of 
coal  or  other  carbonaceous  matter  is  mixed  with  the  charge,  which  reacts  on 
the  oxide  of  copper,  decomposing  it,  and  producing  a  metallic  copper,  which 
alloys  with  any  tin,  nickel,  cobalt,  or  arsenic  present ;  and  falling  to  the  bot- 
tom under  the  matt,  does  great  service  by  eliminating  tliese  metals  from  the 
superincumbent  matt.  The  same  sort  of  furnace  is  used  as  in  tlie  last  opera- 
tion; but  the  materials  of  the  charge,  instead  of  being  supplied  to  the  furnace 
through  a  hopper  in  the  roof,  are  introduced  through  the  ordinary  working- 
door,  and  another  door  placed  more  nearly  in  the  comer  of  the  furnace ;  the 
fused  charge  is  drawn  off"  from  the  side  opposite  to  the  working-door.  Each 
charge,  of  about  two  tons  in  weight,  takes  about  six  hours  for  working  off. 
The  products  are,  white  metal  for  the  sixth  operation ;  red  metal,  for  the 
same  operation;  the  bottoms,  or  alloy  of  metals,  divided  into  tin  alloy  and 
copper  alloy,  for  the  ninth  operation;  scoria,  for  returning  to  the  fourth 
operation ;  and  slag,  to  bo  rejected  to  the  extent  of  ninety  per  cent. :  so  that 
it  win  be  seen  that  this  operation  is  very  efficient  in  the  reduction  of  bulk  of 
useless  materials. 
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ITie  Seventh  Op^ratioHiMeKaM  <m.  hi  WL 
in  the  sixth.    The  ohmxge  ooniiifti  of  aboaft  tvo  tew  cC  Wm  mtA  «k 

without  any  other  flux  thtti  tha  Mod  adhttfag  to  ite  niiua  IkiHft'flM 
in  which  it  wms  cast  Aa  the  opatatiai  ia  Iwiiitlil  flial_  fia 
oxidation,  and  then  for  ftuian  tfaa  Wdga  ia  piovldad  villfc  aa 
similar  to  that  employed  in  the  caMniiigflnnaaa  iwfta  flat 
charge  is  put  into  the  ftunace  in  laiga  maaiea,  aad  Iha  luiai  ia  alwwlj 
upon  it,  80  aa  to  oxidise  aa  oomplalalj  aa  poaaibla  all  tfaa  aafti 
Wlicn  the  whole-mass  ia  foaad.  the  anl|hwat  of  iron  faasiiag  been 
into  oxide  of  iron  and  snlphiiroaa  add,  tiia  dliaa  laada  aa  Ifaa  iw,aaiii 
converted  into  a  fosible  silicaia;  aoma  oodda  of  ooppar  la  alao  aaiaiiiitW 
the  matt  or  white  metal  prodooed  la  anidi  Impcofad  In  ^pial^f»aiid 
fit  for  the  eighth  operation.  The  qpantion  n^pdiaa  about  twlva 
its  completion ;  and  but  little  altaratioii  haatahni  plaaa  batwoMiL  fta  Mf^ 
of  the  charge  introduced  and  of  tfaa  piodaola  obtalnad,  aona  of  tbakliv 
being  finished  with,  but  having  to  be  ladiatribatad.  to  tfaka  flamoaa  fat  fa 
second,  fourth,  and  aizth  operifciaDa. 

The  Eightji  Operation  is  conducted  in  a  furnace  predaely  dmHar  in  eveiy 
respect  to  the  furnace  employed  for  the  seventh  operation.  The  »»f**"*^ 
constituting  the  charge  are  white  metal,  produced  from  the  sixth  and  sevantb 
operations,  together  with  the  red  metal  from  the  sixth  operatioin,  without  wbj 
other  flux  than  the  sand  adhering  to  the  blocks  from  the  moulds  in  which 
they  were  cast.  The  operation  lasts  about  four  hours,  the  weight  of  tht 
charge  being  about  one  ton  and  a  half.  At  first,  as  in  the  last  opmUion,  the 
effect  is  that  of  oxidation ;  but  as  the  fusion  proceeds,  the  oxide  of  copper 
which  has  been  produced,  coming  into  contact  with  sulphnret  of  copper,  a 
reaction  takes  place,  sulphurous  acid  is  evolved,  and  metallic  copper  pre- 
cipitated, or  a  subsulphuret  of  copper  is  produced.  The  products  are  three, 
all  of  which  have  to  bo  reworked.  They  are — 1st,  a  regulus,  consisting  of 
copper  8] ,  iron  '2,  sulx)hur  nearly  2  per  cent. ;  2nd,  a  slag,  consisting  almost 
entirely  of  silica,  and  oxides  of  iron  and  copper,  with  about  ten  per  cent  of 
copper  mechanically  mixed ;  drd,  copper  bottoms,  or  alloys  of  copper  with 
other  metals.  These  are  reserved  for  the  ninth  operation ;  and  some  of  the 
slag  is  returned  to  the  furnace  for  the  fourth  operation. 

Ninth  Operation. — The  same  sort  of  furnace  is  used  as  in  the  last  opera- 
tion.   The  charge,  amounting  to  from  2^  to  3^  tons,  consists  of  white  metal 
from  the  fourth  operation,  regulus  from  itk^  eighth  operation,  copper  bottoms 
from  the  sixth  and  eighth,  a^d  a  small  proportion  of  rich  oxide,  or  carbonate 
ores,  associated  with  quartzose  matrix  or  gangue.   No  other  flux  is  added  thsn 
the  silica  of  the  rich  ore.    The  heat  of  the  furnace  is  at  first  regulated  for 
the  calcining  of  the  charge,  and  is  gradually  raised  until  the  whole  mass  is 
perfectly  fused.    The  object  of  the  calcination  is  to  promote  the  oxidation  of 
the  metals  and  of  the  sulphur :  the  sulphur,  being  converted  into  sulphurous 
acid,  passes  off,  together  with  arsenic  if  it  be  present.    By  fusion  of  the 
oxidated  matters,  oxide  of  copper  is  brought  into  contact  with  sulphnret  of 
copper,  oxygen  leaving  the  copper  and  combining  with  the  anlpfaur;  the  two 
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in  oomfaiiuition  assaming  the  gasAons  form,  prodnco  a  most  desirable  agita- 
tion of  the  constitaents  of  the  charge,  whereby  in  succession  matters  having 
ehemical  reactions  on  each  other  are  brought  into  contact,  and  the  desired 
ohanges  are  effected.  As  only  a  limited  supply  of  oxygen  is  contained  within 
the  charge,  and  this  is  soon  exhausted  by  the  reactions  that  take  place  within 
the  fluid  mass,  it  becomes  necessary  to  obtain  a  fresh  supply.  In  the  fused 
slate  the  charge  presents  but  a  veiy  small  amount  of  surface  for  the  reaction 
of  the  heated  air  passing  through  the  furnace.  The  production  of  tlie  nc- 
surface  for  the  further  oxidation  is  effected  in  a  simple  but  ingenious 
.  The  furnace  is  allowed  to  cool,  by  opening  the  doors,  down  to  a  dull 
xed  heat ;  in  so  doing,  the  crust  formed  over  the  surface  of  the  fluid  mass  is 
broken  up  by  the  sulphurous  acid  passing  off.  As  the  charge  throughout 
becomes  more  and  more  pasty,  it  is  rendered  more  porous  by  the  gas  eyolvcd, 
tiuongfa  the  agency  of  the  oxygen  of  the  heated  air  coming  into  contact  vdih 
it;  which,  at  the  same  time  that  it  is  expelling  the  sulphur,  is  also  being 
stored  up  within  the  mass  by  the  combining  action  of  the  copper,  iron,  and 
other  metals  present.  At  the  end  of  about  twelve  hours  the  charge  is  so  far 
oodled  that  the  disengagement  of  the  gas  ceases.  The  doors  ore  figBdn  closed, 
the  heat  is  gradually  raised  during  the  next  six  hours,  fusion  slowly  takes 
place,  calcination  at  first  going  on ;  and  after  the  mass  has  again  become  fluid, 
the  mutual  reaction  of  the  oxides  and  sulphurets,  as  before  indicated,  again 
take  place.  The  heat  is  then  urged  on  to  the  utmost;  the  silica  and  iron 
entering  into  combination,  produce  a  slag,  together  with  the  remaining  small 
proportions  of  antimony,  arsenic,  &c.,  through  which  the  fused  metallic  cop- 
per finds  its  way  to  the  sole  of  the  furnace. 

At  the  end  of  twenty-four  hours  the  charge  is  drawn,  the  slag  being 
■kiittmed  off,  and  the  metal  cast  into  blocks  about  three  feet  long  and  eighteen 
inches  wide.  This  product  is  known  as  blistered  copper,  and  amounts  to 
about  sixty  per  cent,  of  the  weight  of  the  charge  put  into  the  furnace.  The 
xesidoary  slag,  which  not  unf^quently  contains  fifteen  to  twenty  per  cent. 
of  copper,  is  sorted  and  returned  to  the  furnaces  for  the  fourth  and  sixth 
operationB.  The  blistered  copper  is  so  called  because  the  surface  of  the 
ingots  is  covered  with  blisters ;  the  interior  is  full  of  cavities,  the  fractured 
BOi&ce,  when  fresh,  being  of  a  deep-red  colour. 

Tenth  Operation, — ^Refining  the  coarse  metal  produced  in  the  last  process 
is  conducted  in  a  similar  furnace,  having  a  larger  fire-place  and  the  roof 
somewhat  higher  above  the  sole,  so  as  to  allow  of  the  piling  of  the  charge  of 
ingots,  seven  to  ten  tons  weight,  on  and  over  each  other.  These  require  to  be 
so  arranged  as  to  allow  of  a  free  draught  through  the  furnace,  but  with  a 
xegolar  equable  distribution  of  heat.  During  the  first  eighteen  hours,  the 
workman  has  only  to  maintain  the  fire  so  as  steadily  to  raise  the  heat  of  the 
fhmace. 

A  ealcinati<m  and  an  oxidation  at  first  goes  on  during  the  slow  fusion,  as 
in  the  last  operation,  more  sulphur  being  evolved ;  and  when  the  fusion  is 
eomplett,  the  siliea  adhering  to  the  ingots  fhses,  together  with  some  of  the 
oxide  of  copper,  at  the  same  time  laying  hold  of  most,  if  not  all,  of  the  other 
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metallic  oxides  remaining  in  combination.  At  the  end  of  twenty -two  boms, 
the  scoria  thus  produced  is  raked  off,  leaving  the  soifiice  of  the  metal  aa 
clean  as  possible.  A  few  shovelfuls  of  powdered  wood-chazooalt  or  finelj- 
pulyerizcd  anthracite  of  the  best  quality,  are  thrown  on  the  sni&oe  of  ^ 
charge,  and  rapidly  spread  over  it.  A  short  time  after  this,  a  pole  of  gnm 
wood  is  plunged  into  the  fused  metal;  a  violent  ebuUitlon  takes  place,  cansiiig 
a  more  intimate  mixture  of  the  copper  and  the  charcoal ;  and  probably  tiie 
steam  and  gaseous  products  evolved,  assist  in  the  elimination  of  any  traces  of 
sulphur  left  within  the  metal.  This  action  with  the  pole,  termed  "  pohng,** 
is  maintained  for  about  twenty  minutes.  The  superintendent  then  takes  oat 
a  small  sample  of  the  metal  in  a  ladle ;  when  cooled,  he  examines  it  by 
cutting  the  ingot  half-way  through  with  a  steel  chisel ;  then  bending  it  in  a 
vice  back  to  a  double,  by  which  means  the  fibre  of  the  metal  is  developed, 
the  colour  and  flexibility  is  ascertained,  and  it  is  determined  whether  th» 
refining  is  complete. 

If  the  poling  has  not  been  continued  long  enough,  the  metal  will  1m 
brittle ;  so  also  will  it  be  if  the  poling  has  been  continued  too  long.  In  the 
latter  case  the  metal  is  restored,  but  with  some  difficulty,  by  dealing  the 
surface  of  the  metal,  and  allowing  heated  air  to  pass  over  it,  apparently  lor 
the  purpose  of  decarbonizing  the  metal.  When  the  metal  has  been  am- 
poled,  it  becomes  exceedingly  bright  and  brilliantly  clear,  so  that  the  roof  d 
the  furnace  may  be  seen  reflected  on  its  surface.  Before  poling,  the  copper 
is  in  a  peculiar  condition,  termed  the  dry  state,  probably  consisting  of  modi 
oxide  of  copper  and  oxygen  in  contact  with  the  metal.  In  this  conditioo  it 
has  a  very  strong  action  on  the  iron  tools  used  in  workiDg  the  charge.  13ie 
desired  point  having  been  attained  by  the  refiner,  the  charge  is  again 
skimmed,  a  smoky  flame  is  produced  in  the  furnace  to  prevent  oxidatioo, 
and  the  metal  is  taken  out  in  ladles  covered  with  a  wash  of  fire-clay,  and 
cast  into  moulds,  varying  according  to  the  quality  or  form  required  for  the 
market.  Various  qualities  of  copper  are  met  with  in  the  market,  vaiying 
from  £t>  to  £(S  per  ton  in  price ;  they  are  known  as  "  best  selected,"  "  ton^ 
copper,"  and  *'  tile  copper."  These  vary  in  quality,  according  to  the  choice 
of  products  for  the  tenth  or  refining  operation. 

The  various  operations  here  described  have  been  modified  in  different 
smelting  establishments,  but  the  principles  involved  are  substantially  the 
same.  At  first  sight,  they  appear  to  be  exceedingly  complicated  and  uiDe' 
cessarily  extended  in  number ;  but,  on  closer  investigation,  it  will  be  Ibiiiid 
that,  witli  the  aid  of  the  closest  application  of  scientific  principles,  a  moie 
perfect  system  of  operations  could  scarcely  be  devised.  During  the  lact 
twenty  years,  a  great  number  of  patents  have  been  taken  out  for  impnrro- 
ments  in  the  smelting  of  copper  ores ;  but,  either  from  want  of  merit  or  ttm 
want  of  proper  trial,  very  few  have  been  permanently  adopted,  and  but  very 
shght  improvements  have  been  generaUy  introduced  throughout  the  smeltiiig 
establishments  of  Wales. 

In  order  to  the  perfect  development  of  the  present  system  of  wozidng.  ^ 
closest  application  of  scientific  principles  and  of  chemical  knowledge  is  abao- 
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lately  necessary,  although  very  good  results  have  been  obtained,  much 
better  than  could  have  been  anticipated,  from  simply  empirical  or  rule  of 
tliumb  working.  For  example,  a  perfect  analysis  of  the  ores  purchased 
would  indicate  with  precision  the  quality  and  quantity  of  the  va^ous  ores 
tlxat  should  be  associated  for  the  production  of  the  best  effects  of  calcination ; 
it  would  also  serve  to  show  the  real  value  of  the  different  ores — not  simply 
on  account  of  the  proportion  of  copper  contained  in  them,  but  also  on  account 
of  the  comparative  value  of  the  associated  minerals,  as  fluxes,  &c.  The 
knowledge  of  the  true  character  of  each  of  the  operations  emplo^'ed  would 
give  the  power  of  regulating,  with  precision,  the  results  to  be  obtained. 
^Empirical  knowledge  is  sufficient  for  the  production  of  tolerable  results,  as 
long  as  all  things  go  smoothly;  but  more  than  this  is  necessary  to  set 
right  again  processes  which  have  gone  wrong.  It  is  when  the  expe- 
rience gained  by  prolonged  acquaintance  with  practical  operations  on  the 
laige  scale,  is  aided  by  the  scientific  knowledge  gained  by  the  careful  inves- 
tigation of  the  character  of  the  phenomena  observable,  and  of  the  principles 
involved  in  their  production,  that  such  a  command  over  circumstances  is 
obtained  as  will  ensure  the  production  of  results  at  wilL 

In  the  Swansea  district  there  are  nearly  six  hundred  furnaces  employed, 
consuming  about  500,000  tons  of  coal  per  annum,  employing,  exclusive  of 
colliers,  about  four  thousand  persons,  who  receive  nearly  ^'4000  per  week  as 
wages.  About  twenty  tons  of  coal  are  consumed,  on  an  average,  for  the  pro- 
duction of  one  ton  of  copper.  Copper  is  brought  into  the  market  in  a  variety 
of  forms,  such  as  boan^shot  or  feathered-shot,  intended  for  the  manufacture  of 
brass.  The  former  of  these  is  produced  by  pouring  the  melted  copper 
throughladles,  filled  with  holes,  into  hot  water,  for  the  production  of  bean-shot, 
or  cold  water  for  the  manufacture  of  feathered-shot.  It  is  cast  into  slabs 
when  required  for  hammering  out  into  shape  for  large  utensils,  such,  for 
instance,  as  vacuum  pans  for  sugar-refining  purposes;  in  which  case  a  small 
slab,  with  the  aid  of  a  Nasmyth's  steam-hammer,  is  hammered  out  into  the 
form  of  a  hemisphere,  with  a  rim  eight  to  nine  feet  in  diameter  out  to  out, 
and  four  feet  deep.  It  is  also  cast  into  ingots  of  various  sizes.  One  form  of 
ingot  is  only  six  ounces  in  weight,  and  about  eight  inches  long.  It  is  exported 
to  the  East  Indies  as  Chinese  or  Japan  copper.  These  ingots  are  of  a  fine  red 
colour,  produced  by  throwing  them  while  hot  into  cold  water.  The  method 
of  producing  this  colour  was  for  a  long  time  kept  secret  by  a  single  firm,  who 
had  discovered  it,  and  had  thereby  succeeded  in  producing  an  article  which 
they  successfully  brought  into  competition  ^vith  the  Chinese  or  Japanese 
article,  which  had  previously  completely  monopolized  the  market. 

The  slabs  are  also,  some  portion  of  them,  before  being  sent  away  from  the 
■melting  works,  converted  into  sheets  of  varying  thickness,  by  rolling  between 
smooth  iron  rollers,  each  about  three  feet  eight  inches  long,  and  fifteen  inches 
in  diameter.  The  ingots  of  copper  to  be  operated  upon  are  heated  in  a  re- 
yerberatory  furnace,  and  are  then  passed  through  the  rollers,  returned  over 
them,  and  passed  through  again  and  again,  until  by  cooling  and  hardening  they 
become  so  brittle  that  they  require  to  be  annealed  by  reheating  in  the  iiimace. 


552  GENERATION  OF  SULFHUBIO  ACID. 


The  rollers  are  gradually  brought  closer  together  by  tightening  aetews  beaxing 
on  the  plommer-blocks,  carrying  the  shaft  of  one  of  the  roHers.  The  repeated 
re-heatings  of  the  slicct  produce  a  coating  of  oxide,  which  is  remored  by  ate^ 
ing  for  a  few  days  in  urine ;  it  is  then  put  again  into  the  furnace,  the  ainniflnia 
attached  to  the  surface  is  driven  off,  and  the  sheet  being  plunged  while  hoi 
into  cold  water,  the  cnpric  oxide  formed  scales  off,  leaving  the  metallic  smfiMe 
bare.  After  passing  the  sheet,  when  cold,  through  the  rollers,  to  prodnee  a 
smooth  surface,  it  is  cut  down  to  the  proper  size  and  packed  for  the  maxlcet 
Very  largo  quantities  of  sheet-copper  have  been  used  for  sheathing  ahipi; 
but  it  is  now  superseded,  to  a  great  extent,  by  the  introduction  of  a  sort  of 
brass,  known  as  Muntz's  yellow  metal,  as  well  as  by  sheet  zinc. 

The  principal  places  of  export  are  London,  Liverpool,  and  Swansea. 
The  principal  places  where  it  is  manufactured  are  Birmingham,  SheflSeld, 
London,  and  Bristol. 

ImproTed  Fso€essea. — ^It  has  been  before  observed  that  the  operatioiis, 
as  described,  are  modified  in  various  smelting  establishments  to  meet  peculisr 
circumstances;  but  it  is  surprising  how  long  any  improvement  in  the  aystcB 
of  operations  takes  to  obtain  extensive  adoption.  One  of  these  improfe- 
mcnts  consists  in  the  calcination  of  copper  ores,  containing  much  iron  pyrites, 
in  a  kiln,  instead  of  a  reverberatory  furnace,  without  the  assistance  of  say 
other  combustible  matter  than  the  constituent  sulphur  of  the  pyrites.  The 
kiln  is  so  arranged  that,  as  in  a  lime-kiln,  the  matter  to  be  operated  upon  is 
supplied  at  the  top  and  withdrawn  from  the  bottom.  The  sulphur,  by  bnn- 
ing,  is  converted  into  sulphurous  acid;  which  meeting  with  the  nitrouB  add 
vapours  evolved  from  a  charge  of  nitrate  of  soda  undergoing  deeompositioB 
from  the  action  of  sulphuric  acid  in  a  casMron  nitre  pot  placed  in  the  flue 
leading  to  an  ordinary  sulphuric  acid  chamber, — is  tliereby  converted  into 
that  extremely  useful  material,  sulphuric  add,  which  is  coUected  in  the 
chamber,  and  may  Uience  be  obtained  for  conversion  into  a  suitable  fonn  for 
the  nimicrous  purposes  for  which  it  is  so  indispensably  necessary.  This  tdd 
may  be  employed  for  the  manufiacture  of  superphosphate  of  lime,  as  a  manvn 
for  enriching  the  soil,  instead  of  being  rendered  worse  than  useless,  by  the 
ordinary  careless  way  of  working,  by  poisoning  the  air.  If  only  a  small  quantitj 
of  arsenic  be  present,  the  sulphuric  acid  produced  may  be  purified  by  a  snbse- 
quent  operation,  and  rendered  fit  for  common  purposes.  If  the  copper  on 
contain  large  quantities  of  arsenic  and  but  little  sulphur,  it  may  be  calcined 
advantageously  in  a  similar  kiln ;  but  instead  of  using  a  lead  chamber,  the 
fumes  of  arsenious  acid  or  white  arsenic  should  be  conducted  into  horizo(Btil 
chambered  flues,  made  sufficiently  large  and  of  such  a  length  that,  by  cool- 
ing, the  vapours  may  be  condensed  in  the  form  of  white  powder,  and  cdlected 
for  sale  to  the  arsenic  refiner.  If  the  ore  do  not  contain  sufficient  combat 
tible  matter  to  maintain  the  heat  long  enough,  a  small  quantity  of  ouho,  or 
anthracite  coal,  may  be  advantageously  mixed  with  the  ore  in  charging  the 
furnace,  precisely  in  the  same  manner  as  in  working  lime-ldlna.  The  pro 
cess  for  separating  the  sulphur  in  the  manner  above  described,  was  patented 
in  the  year  1847,  by  Birkm^TC ;  but  it  had  been  in  use  nearly  as  far  back  as 


LONOMAID's  process  rOB  EXTRACTIICO  SULPHUR.  553 

1840,  when  this  method  was  introduced  for  obtaining  sulphur  from  mnndics, 
or  iron  pyrites,  by  tlie  soda  manufacturers,  in  consequence  of  the  attempted 
monopoly  of  the  sulphur  trade  by  tlie  Sicilian  monarch.  This  circumstance 
gBYB  rise  to  many  attempts  to  improve  the  produce  of  the  great  variety  of 
metalliferous  minerals  obtainable  in  various  parts  of  the  United  Kuigdom. 

Amongst  others  we  may  notice  the  patent  obtained  by  W.  Longmaid, 
bearing  date  October  20, 1842.  Its  object  was  to  render  sulphur  ores,  in- 
olnding  poor  copper  ores  containing  much  sulphur,  available  for  the  purposes 
for  which  sulphur  was  commonly  employed.  It  was  found  tliat  a  large  pro- 
portion of  the  ores  containing  sufficient  sulphur,  sufficiently  free  from 
arsenic  to  allow  of  their  being  employed  for  the  manufacture  of  sulphuric 
add  by  burning  in  the  kiln,  as  already  described,  would  be  too  small  to  be 
available  for  this  mode  of  treatment.  In  Longmaid's  process  this  difficulty 
has  been  overcome ;  and,  at  the  same  time,  the  necessity  for  avoiding  the  use 
of  ores  containing  much  arsenic  was  evaded.  The  process  consisted  in 
grinding  the  ores  to  a  coarse  powder,  and  mixing  with  them  a  proportion  of 
common  salt,  or  chloride  of  sodium,  having  such  relation  to  the  sulphur 
present  in  the  ore,  that  more  than  sufficient  sulphuric  acid  necessary  for  the 
decomposition  of  the  salt  should  be  obtainable  therefrom.  The  mixture  is 
put  upon  the  back  of  one  of  four  beds  of  a  reverberatory  furnace,  sixty  feet 
m  length.  A  very  moderate  heat  reaching  the  mixture  from  the  fire-place 
is  sufficient  to  cause  the  combustion  of  the  sulphur  of  the  ore  in  contact  with 
the  salt :  the  greater  portion  of  the  sulphurous  acid  produced  is  converted 
into  sulphuric  acid,  the  sodium  of  the  salt  obtaining  oxygen  from  the  iron 
contemporaneously  oxidized  with  the  sulphur.  The  chlorine,  set  free  from 
the  sodium,  enters  at  once  into  combination  with  the  iron,  producing  the 
chloride  of  iron ;  and  the  same  action  takes  place  between  the  salt  and  the 
Bulphuret  of  copper.  As  the  heat  is  increased,  by  advancing  the  charge,  at 
the  end  of  twenty-four  hours,  on  to  the  next  bed,  a  large  proportion  of  the 
chloride  of  iron  is  volatilized,  and  passes  away  into  the  flues  with  the  smoke 
of  the  fire ;  another  portion  of  the  chloride  of  iron,  under  the  influence  of 
the  heated  oxygen  of  the  air  passing  through  the  furnace,  is  decomposed,  the 
iron  being  converted  into  the  state  of  peroxide  in  a  very  finely-divided  state, 
with  the  evolution  of  gaseous  chlorine,  the  chloride  of  copper  remaining  un- 
a£fected.  By  continuous  exposure  to  heat  on  the  diflerent  beds  of  the  furnace 
for  from  seventy- two  to  ninety-six  hours,  with  a  very  small  expenditure  of 
friel  and  of  labour,  the  whole  of  the  sulphurets  present  will  have  been  decom- 
posed, and  the  original  charge  of  chloride  of  soditui  and  of  sulphur  ores  will 
have  been  converted  into  a  product  called  sulphate  ash,  which,  by  hxiviation 
in  water,  is  separable  into  a  solution  of  sulphate  of  soda,  chloride  of  copper, 
and  chloride  of  silver,  if  any  of  that  metal  should  have  been  present  in  the 
raw  ore  (and  nearly  all  copper  ores  do  contain  it),  and  insoluble  peroxide  of 
iron,  which,  by  levigation,  may  be  perfectly  separated  from  the  sandy  siliceous 
constitnentB  of  the  ore  employed.  The  copper  is  precipitated  from  solution 
either  in  the  state  of  oxide  by  soda  or  lime,  or  in  the  metallic  state  by  the 
emplo3rmeni  of  metallic  iron. 


554  8SPABATI0M  07  8ILVXB  AND  COPPBB« 


This  process  has  been  adyantageously  employed  at  St  Hd<ea*8»  Lanca- 
shire, for  the  manufacture  of  sulphate  of  soda,  and  the  extraction  of  copper 
and  silver,  for  many  years ;  but  as  yet  it  has  not  been  used  on  tha  laige 
scale,  for  operating  on  the  richer  sulphurous  copper  ores.  This  process  hii 
been  but  feebly  worked ;  but,  with  energetic  management,  as  a  process  lor 
smelting  copper,  the  very  best  results  may  fjedrly  be  anticipated  from  it 
The  peroxide  of  iron  is  obtained  in  such  a  very  finely-divided  condition,  that 
it  is  used  in  the  manufacture  of  the  most  valuable  paint  for  covering  iron, 
especially  if  it  be  exposed  to  the  action  of  salt-water,  as  with  the  bottoms  of 
iron  ships.  The  chlorine  products  evolved  in  the  course  of  calcination  are 
so  easily  condensed,  that,  with  moderately  long  horizontal  flues  intervening 
between  the  furnace  and  the  chimney,  no  condenser  for  the  fumes  is  required, 
as  in  the  ordinary  process  of  manufiEusture  of  salt-cake  or  sulphate  of  soda 
from  common^salt  and  Uquid  sulphuric  acid. 

The  precipitated  copper  is  found  associated  with  the  silver  originally 
contained  in  the  raw  ore :  the  separation  of  the  two  metals  is  effected  by 
dissolving  tlie  precipitate  in  sulphuric  acid,  for  the  manufacture  of  sulphate 
of  copper,  to  be  evaporated  and  crystallized  for  the  production  of  blue  vitiiol, 
which  is  largely  employed  for  agricultural  purposes  in  pickling  wheat,  far 
dyeing,  and  for  a  great  variety  of  other  chemical  purposes.  By  this  process, 
silver  can  be  obtained  from  ores  containing  so  smaU  a  quantity  as  one  and  a 
half  to  three  ounces  per  ton,  such  as  could  not  be  economically  extracted  bj 
any  other  process.  Very  small  quantities  of  tin  ore  are  very  generally  found 
in  most  of  the  copper  ores.  It  may  be  very  easily  extracted  from  the  coarse 
residuary  matters  found  after  the  separation  of  all  the  soluble  constituents  of 
the  sulphate  ash,  and  of  the  light  peroxide  of  iron.  No  other  process  will 
compare  with  this  for  efficiency  in  resolving  all  the  constituents  of  sulphur 
copper  ores  into  valuable  usefid  products. 

A.  Parkcs,  in  a  patent  sealed  June  1 1th,  1850,  describes  a  circular  reTe^ 
beratory  furnace,  witli  two  or  more  beds  or  soles  over  each  other,  with  a 
central  shaft  carrying  arms  holding  rakes,  which,  revolving,  serve  to  torn 
over  or  rabble  tlie  charge  of  ore,  and  gradually  transfer  it  from  the  top  bed, 
on  to  whicli  the  ore  is  fed  by  a  hopper,  to  the  next  one  below;  and  so  on, 
until  the  charge,  as  the  calcination  is  completed,  is  turned  out  of  the  fiunaoe. 
A  much  better  plan,  obviating  the  manifest  difficulty  of  maintaining  the  shaft 
and  arms  in  repair,  is  to  adopt  Brunton's  calciner,  which  is  a  circular  rever 
beratory  furnace  of  only  one  bed  or  sole,  which  is  supported  on  a  perpen- 
dicular shaft.  A  rack-work  on  the  under  edge  of  the  sole  affords  the  meani 
of  revolving  the  table  by  the  motion  of  a  cog-wheel  working  in  it,  driven  by 
machinery  of  very  small  power.  This  calciner  was  invented  for  the  roasting 
of  tin  ores,  and  has  been  almost  exclusively  appUed  to  that  purpose,  for 
which  it  has  answered  very  well ;  and  it  would,  doubtless,  be  equal^  vala- 
able  for  the  calcination  of  copper  and  of  other  ores. 

M.  Tripier  obtained  a  patent  in  France,  October  10,  1844,  which  i^pean 
to  have  been  copied  by  A.  Trueman  in  a  patent  sealed  October  7, 1852, 
wherein  it  is  proposed  to  treat  the  ores  of  copper  containing  oxides  and  car- 
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bonates  alone  TviUiout  sulphurets,  or  snlphurets  converted  into  oxides  by 
zoasting,  with  mmiatio  or  sulpliurio  acid,  precipitating  the  copper  thus  taken 
into  solution  with  muriate  of  lime  and  milk  of  lime.  The  difficulty  of  ob- 
tuning  suitable  ressels  to  withstand  the  action  of  the  adds  is  too  great  to 
allow  of  this  plan  being  carried  out  on  the  large  scale ;  the  same  objection 
ifl  applicable  to  the  various  devices  patented  for  the  precipitation  of  copper 
in  solation  by  galvanic  agencies,  such  as  Napier's  patent,  bearing  date  of 
■ealing  March  2nd,  1647;  A.  Wall,  December  18th,  1844;  A.  Crosse,  August 
26th,  1852;  and  W.  H.  Bitchie,  October  10th,  1844. 

J.  Swindells,  in  his  patent  of  November  1 4th,  1850,  proposes  to  reduce 
sulphur  ores  of  copper  to  oxides  by  calcination,  and  then  to  separate  the 
oopper  and  silver  by  dissolving  them  out  with  ammonia.  For  the  use  of  a 
variety  of  fluxes  or  of  peculiar  assortments  of  ores,  the  following  patents 
have  been  obtained ;  but  the  advantages  resulting  from  them  have  not  been 
so  great  as  to  become  of  pubUc  interest.  Reference  is  here  made  to  them 
lor  the  purpose  of  facilitating  further  investigation  of  their  character. 

De  Sussex,  March  23rd,  1847,  employs  with  the  sulphur  ores  of  copper, 
siliceous  sand,  carbonaceous  matters,  nitrate  of  soda,  soda  ash,  and  fluor 
spar. 

J.  J.  Hill,  March  0th,  1850,  uses  with  the  ores,  galena,  or  carbonate  or 
sulphate  of  barytes  or  of  strontian,  and  also  oxygen  gas. 

A.  Parkes,  September  11th,  1851,  uses  iron  or  ziuc  in  refining  white 
metal. 

Napier's  process  has  been  worked  on  the  large  scale  in  Wales ;  it  has  for 
its  object  the  reduction  of  the  ten  operations  ordinarily  employed  to  one-half 
the  number.  In  the  first  place,  the  ores  are  selected  and  mixed  so  as  to 
contain,  as  nearly  as  possible,  all  the  constituents  necessary  for  the  pro- 
duction of  a  perfect  fusion  of  the  whole  with  feunlity.  The  raw  ore  is  first 
roasted  in  the  ordinary  calcining  furnace,  to  draw  off  all  the  volatile  matters 
as  nearly  as  possible,  and  to  oxidize  the  remaining  metallic  constituents. 
The  roasted  product  is  introduced  into  a  reducing  furnace,  and  exposed  to 
soffioient  heat  to  produce  perfect  fusion.  The  slags  are  then  skimmed  off, 
and  soda  ash  or  sulphate  of  soda  is  thrown  into  the  furnace  on  the  melted 
matt.  If  sulphate  of  soda  is  used,  it  is  employed  in  the  proportion  of  one  to 
one  and  a  half  cwt.  to  the  ton  of  regulus ;  twenty  to  thirty  lbs.  of  fine  coal 
should  be  mixed  with  it  before  it  is  thrown  in.  As  soon  as  the  salt  cake  is 
fused,  it  should  be  well  mixed  over,  to  produce  complete  decomposition  with 
the  production  of  soda.  After  being  well  mixed  with  the  charge,  and  allowed 
to  stand  for  a  few  minutes,  to  restore  the  heat  lost  by  the  opening  of  the 
fomaoe  and  the  turning  of  the  charge,  the  furnace  is  tapped,  and  the  charge 
allowed  to  run  out  into  sand  moulds.  As  soon  as  the  blocks  are  solidified, 
and  while  still  very  hot,  they  are  thrown  into  a  tank  of  water,  where  they 
immediately  crumble  down  into  a  sandy  mass,  which,  after  being  well  washed, 
is  removed  to  a  calcining  furnace,  and  there  exposed  to  a  roasting  for  twenty- 
four  hours,  or  until  all  the  sulphur  is  as  nearly  as  possible  expelled.  The 
product  of  this  third  operation  is  next  mixed  with  oxide  or  carbonate  of 
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copper,  associated  with  much  siliceonB  matters,  and  with  some  earbonaceou 
matters,  such  as  coal  or  anthracite,  in  powder.  The  charge  is  pot  into  a 
reducing  fomace,  and,  in  the  course  of  six  or  eight  hours,  it  is  again  rednoed 
to  a  fluid  mass.  The  iron  and  silica  enter  into  comhinatkm  with  each  other, 
heing  products  of  a  slag  veiy  free  from  admixtore  of  copper,  and  metaTlio 
copper.  The  product  of  this  fourth  operation  is  equal  in  quality  to  tha  wkUt 
metal  of  the  ninth  operation,  and  has  only  to  undergo  the  refining  piroeess  of 
the  tenth  operation  to  be  rendered  fit  for  the  market. 

The  metal  obtained  is  said  to  be  of  better  quality  than  that  produced  by 
the  old  plan,  in  consequence  of  the  sulphide  of  sodium  produced  in  the  | 
second  operation  having  dissdved,  when  in  contact  with  water,  the  arseiiie, 
tin,  and  antimony  contained  in  the  ore,  and  thus  remoTcd  these  bodies  in 
solution.  When  the  slags  of  the  second  and  fourth  operations  do  not  appear 
to  be  sufficiently  fluid,  a  small  quantity  of  slacked  lime  and  common  salt  is 
added  with  good  effect. 

Bankart  obtained  a  patent,  August  7th,  1845,  which  has  been  worked  on 
an  extensive  scale  near  Swansea.  The  process  consists  in  first  reduemg 
sulphur  ores  of  copper  to  fine  powder,  roasting  them  at  a  low  red-heat  in  s 
calcining  furnace,  by  which  means  a  large  quantity  of  sulphurous  acid  gu 
is  evolved ;  but  another  portion  of  the  sulphur  becomes  fully  oxidated,  is 
converted  into  sulphuric  acid,  and  combines  with  the  oxidized  copper,  pro- 
ducing the  sulphate  of  copper,  which  is  soluble  in  water.  The  calcined 
product  is  put  into  vats  containing  boiling  water,  which,  percolating  through 
the  mass,  dissolves  out  the  blue  vitriol  or  sulphate  of  copper,  leaving  the 
oxide  of  iron,  undecomposed  sulphurets,  and  siliceous  matters  behind.  These 
residua  are  again  calcined,  with  a  suitable  proportion  of  the  raw  ore  mixed 
with  them.  Through  the  agency  of  the  water  about  the  ore,  and  of  the  per 
oxide  of  iron  produced  in  the  first  calcination,  less  sulphurous  add  is 
evolved  and  more  sulphuric  acid  produced,  in  combination  with  copper,  in 
this  second  operation.  After  suitable  calcination,  the  charge  is  drawn,  aad 
lixiviated  in  boiling  water  as  before.  Copper,  in  the  metallic  state,  is  pve- 
dpitated  from  solution  by  the  immersion  of  metallic  iron,  or  it  may  be 
precipitated  in  the  form  of  an  oxide  with  a  solution  of  soda  ash,  or  by  the 
addition  first  of  muriate  of  lime,  producing  chloride  of  copper  and  sulphate 
of  lime,  which  is  precipitated.  The  solution  of  chloride  being  run  off  from 
the  precipitate,  the  oxide  of  copper  may  then  be  precipitated  v^ith  milk  of 
lime.  The  precipitated  oxide  may  be  collected  and  well  washed,  to  remove 
any  adhering  saline  matters ;  it  is  then  pressed,  and  fused  in  crociblea  or  in 
a  furnace,  with  a  small  quantity  of  carbonaceous  matter  sufficient  to  absorb 
the  oxygen  in  combination  with  the  metal,  in  order  to  produce  metallic 
copper  of  the  very  best  quality. 

A  very  curious  source  of  copper  was  brought  under  puUie  notice  by 
Mr.  W.  J.  Henwood,  in  a  paper  read  before  the  Royal  Institutioin  of  Corn- 
wall, October  81 ,  1856.  In  several  places  in  Merionethshire  in  North  Walet, 
there  are  peat  bogs  impregnated  with  so  much  copper  as  will  pay  for  ex- 
traction.   The  most  extensive  formation  of  this  character  is  at  Ddfrwynog, 
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when,  about  ^sitty  years  since,  seventy  acres  of  the  bog  were  worked  up.  In 
Older  to  obtain  ike  copper,  the  peat  was  cut,  dried,  and  slowly  burnt,  so  as 
BOt  to  prodnce  sufficient  heat  to  slag  the  ashes,  which  were  collected  after  all 
the  carbonaceous  matter  was  as  completely  burnt  out  as  possible.  In  this 
mannmr  the  whole  of  the  copper  diffused  through  the  ton  of  peat,  was  con- 
eentrated  within  the  hundredweight  of  ashes,  supposing  the  quantity  pro- 
duced by  the  burning  of  the  peat  to  be  equal  to  fire  per  cent.  It  is  said  that 
in  one  year  2000  tons  of  ashes  were  sold  at  a  profit  of  about  ^£20,000. 
Shnilar  turbaries  are  found  near  the  Parys  and  Mona  copper  mines  in 
Angleaea. 

Although  there  are  but  few  copper- smelting  works  on  the  Continent,  yet 
tilie  processes  employed  are  deserving  notice,  on  account  of  their  admirable 
adaptation,  in  many  instances,  to  peculiarities  of  character  of  ores,  the  quality 
of  fuel  obtainable,  and  of  the  other  means  at  disposal  for  carrying  on  the 
operations.  Thus,  at  Mansfield,  in  Germany,  a  peculiar  process  has  been 
adopted  for  the  treatment  of  the  copper  slates,  or  kupferschiefer,  of  the  dis- 
trict, the  character  of  which  is  shown  in  the  following  analysis  by  Berthier : 

'                            Silica 400 

Alumina 10*7 

Peroxide  of  iron 5*0 

Carbonate  of  lime 19*5 

Carbonate  of  magnesia          ....  6*5 

Oxide  of  copper 2*0 

Sulpburet  of  copper 60 

Water  and  bituminous  matter  .10*3 

1000 

These  schists  vary  much  in  constitution,  but  generally  contain  not  more 
than  from  two  and  a  half  to  six  per  cent,  of  copper,  with  a  very  small  pro- 
portion of  silver.    There  is  also  generally  some  iron  pyrites  diffused  through- 
out the  mass  in  minute  crystals.    In  order  to  drive  ofif  as  much  sulphur  as 
poesible,  to  get  rid  of  the  bituminous  matter  present,  to  oxidize  the  metallic 
eonstituento,  and  to  prepare  the  earthy  constituents  for  the  subsequent 
operations,  the  schist  is  collected  into  heaps  of  from  100  to  200  tons,  so  dis- 
posed as  to  have  flues  or  draft-holes  passing  through  them,  in  order  to  facili- 
tate the  combustion  of  the  mass,  which  is  maintained  by  the  bituminous 
mmtters  of  the  ore  for  fifteen  or  twenty  weeks.    Some  wood  is  interstratified 
in  the  heap  to  facilitate  the  combustion.     When  the  calcination  is  com- 
plete, the  bulk  of  the  ore  is  reduced  by  about  one-tenth,  and  the  weight  by 
about  one-eighth.    It  becomes  of  a  dirty  grayish-yellow  colour,  and  of  a 
very  friable  textore.    After  being  mixed  with  a  suiteble  proportion  of  flux, 
consiBting  principally  of  fluor  spar,  and  of  slag  from  the  same  operation, 
it  ia  thrown  into  a  blast  or  cupola  furnace  with  coke,  or  a  mixture  of  coke 
azid  charcoal.    The  front  elevation  and  vertical  section  of  the  furnace  are 
shown  in  Figs.  143  and  144.     By  the  maintenance  of  the  blast,  the  mixture 
is  fused,  and  passes  through  the  fuel  to  the  bottom  of  the  furnace,  whence  it 
is  allowed  to  run  out  into  basins  sunk  into  the  external  hearth.    The  matt, 
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containing  neailj  the  wliola  of  the  copper,  ginlcs  to  the  bottom  of  tho  Imi 
tnd  the  silieeons  slag  is  from  time  to  time  nked  off.  In  this  maimer  ah 
four  tons  are  melted  away  ereiy  twenty-fboi  hours,  yielding  ei^t  to  tw« 
per  cent,  of  matt,  containing  thirty  to  forty  per  cent  of  copper.  The  si 
which  sometimes  contains  as  mnoh  aa  ten  per  cent,  of  copper,  ia  melted  o 
again,  to  obtain  more  matt,  in  which  all  the  copper,  aa  nearfy  aa  poaail 
shall  be  concentrated ;  and  tho  fused  slag  eeparated  from  tlw  matt  ii  i 
into  monlda,  for  the  formation  of  bricks  and  blocks  for  building  houses,  wa 
and  for  eonstrncting  paTements.    The  matt  produced  in  the  first  operati 
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□bait,  nickel,  i 
silver.  It  is  roasted  sill 
in  heap  or  in  Idhi,  w. 
wood  or  oharoosl,  thi 
snocenive  times,  the  ope 
tion  luting  abont  Ic 
weeks ;  or,  acoording  U 
more  recent  improreme 
the  caldnatdons  are 
fected  in  a  reverberatf 
fdmace,  precisely  simi! 
in  consbTietion  to  thai  t 
ployed  for  tke  first  ope 
tion  of  the  English  proee 
By  these  inceeaaiTa  loa 
ings,  some  snlphDr  if  t 
pelled.  most  of  the  aisei 
is  volatilized,  and  somes 
phate  of  copper  is  p 
dncad ,  which  by  lixrriati 
is  separated.  By  er^o 
tion,  the  eolation  thus  i 
tained  is  concentrated, « 
the  sulphate  of  copper 
procnred  as  bine  ntiiol 
the  ciystallitie  form.  T 
residuary  roasted  matt 
fused  in  another  inip< 
with  some  ore  cinder,  ■ 
another  matt  is  prodae 
containing  fifty  to  n 
per  cent,  of  copper,  i 


snlphnrets  of  copper,  iron,  and  sOver.    This  concentrated  matt  (spnisteiB) 
obtained  in  the  proportion  of  forty  to  eixty  per  cent,  of  the  roasted  ds 
A  single  furnace  will  ran  down  firom  thirty  to  forty  hnndredweighta  of  tl 
matt  in  twenty-four  hours. 
The  apursteiu  is  m  ixed  with  a  proportion  of  the  matt  of  the  first  ftisia 
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and  is  romsted  six  BUccesBiTe  times  in  a  kiln,  or  with  the  expenditure  of  veij 
anich  leas  time  in  the  revetberateiy  fom&ce,  as  before  described.  If  done  in 
the  <dd  Wft7,  the  six  cttldnstions  oecnpj  about  seven  to  eight  weeks.  After 
Ilia  csldnation  in  the  reverbenttorj  fomace,  or  after  each  of  the  a 
ealmnatioiis  in  the  kihis,  the  charge  when  drawn  is  lixiyiatsd,  for  the  separa- 
tion of  the  soluble  sulphate  of  copper,  as  before.  It  is  now  known  as  gahirost, 
having  a  bright  red  colour  and  a  gisnnlar  fracture.  It  consists  piinciiull; 
at  oxide  of  copper,  with  some 
VMbtUio  copper,  some  iron,  and 
Imt  a  Bmoll  proportion  of  snl- 
jhnrets.  It  is  again  mixed  with 
■  nnaU  quantity  of  alag,  the 
product  of  former  opera tions,  and 
is  amelted  in  a  smaller  cupola 
ftimace,  through  which  three  to 
knx  tons  of  the  gahrrost  is 
passed  in  the  twenty-four  hours. 
The  prodncts  are  block  copper, 
n  rich  matt  called  dnnnstein, 
■nd  a  slag.  The  blaok  copper  ia 
obtained  in  the  proportion  of  one 
quater,  and  the  dnnnstein  in 
that  of  one-sixth.  The  bUck 
ecrpper  is  found  at  the  bottom  of 
flw  basin,  the  dnnnstein  orer  it, 
and  the  alag  on  the  top  of  all. 
The  slag  is  skimmed  off,  the 
Croat  of  dunnatein,  ea  soon  as 
■nfficiently  solid  from  cooling,  is 
aeparated,  and  finally  tlie  black  ' 
copper  is  taken  ofC  in  thin  cokes 
the  size  of  the  basin,  produced 
hj  throwing  cold  woter  on  the 
siiTfoce,and  removing  the  cooled 
portion  with  an  iron  bar;   the 

cooling  and  removola   are  re-  Fig.  1«. 

peated  until  the  contents  of  the  basin  are  cxhonated.    Wliile  tlie  one  basin 
ia  bedng  emptied,  the  other  is  being  filled  from  Uie  copola. 

The  black  copper  obtained  irom  the  Honafcld  copper  achists  generally 
contains  silTer  in  quantities  vatying  from  80  to  SOO  ouncea  to  the  ton.    The 
are  aa  follow: — 

Copper SS'O 

Iron 8-5 

Sulphur 1-0 

Antioony,  ^rer,  uiic,  fto.  '& 
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The  matt  and  the  slags  an  ioitid  aad  vaad  awm  agrimlB 
operations  previously  desoibed.  Alflffligh  tht  ninradiiw 
Mansfeld  process  are  so  veiy  dHEBrant  bk  ^ppmmom  Iknm  iBbm 
employed  in  the  English  process,  yet  the  prinniplei  aee  tta 
ject  in  both  cases  being  to  eroihre  by  heat  all  ssibalsanwi 
Tolatilized,  at  the  same  time  prodnoing  null  an  oiMalinsi  of  tta 
constituents  as  will  best  soit  the  oondilions  nsessiwty  for  eflwtiag  <ha  mm 
bination  of  them  with  the  earthy  matteraprosant»aagBadiisHr  fii  at  iigMBiiig 
all  the  earthy  matters  with  some  of  the  metalHo  osidsB,  then  miJiiag  te 
iron  by  bringing  back  siliceoos  matters  to  aet  aa  the  aolvaut^  tliiom^bflMtte 
whole  series  of  operations  maldiig  the  snl^lnir,  i&  ooswlwnaliim  vlft  te 
copper,  play  the  important  part  of  xendexing  the  copper  so  nmoh  mam  ftiMi 
than  the  other  metallic  oxides  and  earthy  matten^— tiist  lAtm.  tihsy  aassl 
melted  together,  the  snlphnret  of  copper,  by  its  gveaisr  apeeifiA  gmilj.  Ui 
to  the  bottom,  and  is  thoa  at  once  pezmanntH^  obtamad  i&  s  npanfts  eofr 
dition  from  all  the  waste  constitnenfai  of  the  oiigiBal  ore.  FfBalfy^fabsft 
instances  the  means  are  adopted  for  removing  the  hitiierto  lueAil  aolplni^ 
together  with  any  residuary  traces  of  other  metals.  The  principal  diflEerencei 
in  the  operations  are,  that  in  the  English  process  large  rererberatoiy 
furnaces  are  employed,  without  any  mechanical  aid,  in  the  production  of 
the  iiccossary  heat ;  while  in  the  Mansfeld  process,  when  great  heats  an 
required,  tliey  are  obtained  by  the  employment  of  small  cnpola  furnaces,  i& 
which  the  heat  is  produced  with  tlie  assistance  of  a  blast.  On  dose  cost- 
parison  of  the  processes,  it  is  found  that,  while  the  Mansfeld  process  is 
characterised  by  tlie  expenditure  of  a  large  amount  of  time  and  of  labour, 
with  economy  of  fuel,  the  English  process  is  distinguished  by  great  economy 
of  time  and  labour,  with  a  comparatively  laige  expenditure  of  fneL  It  does 
not  hence  follow  that  in  either  case  tiie  one  process  is  to  be  considered 
superior  to  the  other,  because  each  is  best  suited  to  the  locality  and  cireaxB- 
stances  under  which  it  is  conducted.  In  Mansfeld,  economy  of  fuel  ii 
a  greater  desideratum  than  that  of  labour  or  of  time ;  in  Wales,  fuel  is  so 
cheap  that  economy  of  labour  and  of  time  is  of  very  much  greater  importance. 

When  tlio  black  copper  contains  sufficient  silver  to  pay  for  extraction,  it 
is  subjected  to  a  process  of  liquation;  which  consists  in  the  syUiquation 
or  melting  togetlicr  in  a  cupola  furnace  of  the  black  copper,  with  lead  or 
litharge,  containing  silver,  in  the  proportion  of  one  part  of  black  copper  witk 
four  parts  of  lead.  As  the  alloy  is  melted,  it  is  drawn  off  from  the 
and  cast  in  iron  moulds  into  loaves,  or  large  dishes  thirty  inches  in 
and  seven  inches  tliick.  When  tlie  furnace  is  charged,  the  wei^^t  of  Hack 
copper  in  small  pieces  is  first  put  in  on  the  fuel ;  the  proportiQii  of  fithaigs 
or  metallic  lead  is  then  added,  and  on  it  another  charge  of  fiiol,  fitrnsistf*f 
of  coke  or  charcoal.  Tlie  fusion  takes  place  rapidly  on  the  blast  being  set 
on,  a  loaf  being  cast  away  every  ten  minutes.  Any  slag  formed  is  skinuned 
off  from  the  basin  or  crucible  into  which  the  charge  is  run,  before  it  is  ladled 
out  into  the  moulds.  The  sylliquation  furnace  is  a  low  blast-furnace  about 
four  feet  liigh,  two  ie^t  md^  at  the  tuyere,  or  from  front  to  back,  three  M 
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acrosH  in  the  other  dirBctios.  and  opDniiig  slightly  in  the  upper  part.  The 
tuyere  projects  three  or  four  inches  into  tho  furnace,  hnving  a  downward 
direction,  the  bottom  of  tl\e  fumELCo  sloping  from  the  tuyt^re  to  the  teasing- 
faole  or  eye  of  the  furnace  in  the  front  of  it.  Tho  furanco  is  nearly  of  tho 
some  conatruction  as  that  shown  in  Figs.  131)  and  110  (page  511),  which  if 
used  for  tho  first  smelting  of  the  raw  ore.  In  apportioning  the  maleriala  for 
the  charges  for  the  sylUquation  process,  it  ia  of  great  importance  to  have 
neither  too  much  nor  too  little  lead.  If  too  much  lead  bo  used,  it  will  causo 
the  whole  masa  in  tho  auhaequent  operation  of  cliqnation  to  run  donii; 
vbereos  the  object  is  to  wasli  out  the  silver  from  the  copper,  leavin;;  the 
copper  in  a  porous  condition,  retaining  t!ic  original  form  of  the  loaf  If  a 
insufficient  quantity  of  lend  be  employed,  a  portion  of  tlie  silver  iviU  be  left 
behind.     The  best  proportions  arc  ul)oiiI  — 

Silvor         ....         1 
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The  eliqnation  process  is  conducted  either  in  the  reverberatory  furnace, 

shown  in  the  annexed  Figs.  115  and  1  ID,  or  on  an  open  lieaiLh,  as  shown  in 

Figa.  UTnnd  UR.     In  the  reverhetBtory  furnace,  tlie  loavtt 

set  on  edge  on  slightly' inclined  plates  of  cast  iron,  t 

Tho  heat  from  the  fire  pl>u;e  B   passing  over  the  loaves   c 

the   mcltmg  of  the  lead    wluch  mna  dovm  on   the  costuoi 

pl&tes    and   llience  into 

tbo  chambers  6  holov 

where  a  channel  is  pn 

Tided  for  condnctmg  tho  I 

liquid  metal  mto  a  suit    r 

ftblo  r, 

IB  filled  oat  into  moulds  ■' 

of  B  auitablp  size  for  sub  "■  "^ 

BAqnent  operations   on  Uif   argentiferous  silver   for  tli  ti  i   ii  >n   A    thi 

sUicr        In    tho   ojer 

liiarfh  (Figa  117  and 
I  LH)  tlie  loaves 
placed  edgeways  on 
jron  plaits  A  charcoal 
liLing  placed  between 
Ihcm  and  the  space  G 
below  la  filled  up  with 
ivood  and  charcoal 
The  loaves  being  cor 
ered  nitli  charcoal,  and 
lighted ;    and  as   tho   fuel 


thick  plates  of  iron  laid  o 


ronnding  tho  loaves  is  conanmed.  the  lead  ia  cliqutttcd,  falls  dou'n  o 
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A  into  the  mmbaan  B, 


t7  loftTea  ftn  treated  >t  otiee;  in 


iron  plstcH,  tlience  into  the  chamber  below,  and 
whence  it  is  GUed  oat  into  the  moulds  C, 

In  tile  largo  reverberatory  furnace ,  si 
le  Bmallcr  open  hearth,  onlj  six  ore 
operated  on  at  one  lime.  In  the  eli- 
quationfaniace,UieTvholenflhe  silver 
lead  is  not  obtained  froro  the  copper, 
as  a  much  stronger  heat  is  neeesear; 
for  the  extradition  of  the  Inat  tracee  of 
lead,  and  with  it  tliose  of  Bilver.    To 

love  these,  the  cliquated  copper  is 
removed  to  anollier  ftimnce,  for  the 
darring  or  sweating  operation.  This 
fiimace  is  suflicicntly  large  to  take 
about  ISO  eliquatcd  loaves  at  a  tune, 

'3  a  sort  of  reverberatory  furnace, 
the  fuel  of  which  is  wood,  being  burnt 
'a  Hues  under  tlie  sole  on  which  the 
charge  is  laid,  llie  flame   rising 

)nc  end  of  the  fumiice,  poking 
OVcrthechargcandUionco  to  the 


chinmej.  The  sole  has  a  alight  indiu&t 
to  carry  off  the  melted  lead  as  it  blliiiit 
of  the  copper.    The  heat  ia  maintain^ 
briskly,  imtil  the  droppings  begin  to 
Bomo  R  reddish  coppery  appearance;  tb 
fuel  is   then  withdrawn,  and   the   coarsi 
copper   is    taken  out   and   thrown  'ate 
water.    Tiiis  operation  takes  abont  tweht 
hooTB ;  the  coarse  copper  haa  then  to  In 
refined.     The    process    adopted    in  thi 
English  smelting  works  baa  already  bea 
doBcribod;   bnt  as  many  different  open- 
tiooB    are   employed   elsewhere   for  tlui 
purpose,  they  here  require  to  l>e  notiMd. 
I    III  Oertiiany,  the  refining  is  conducted  in  a  dronlar  uitaia- 
i    otory  furnace,  provided  with  a  blast,  produced  either  by  ft  do«U> 
t   of  bellows,  or.  better   still,  by  cylinders.      The  fnnwM  i 
made  siilficienlly  Isrgo  to  hold  fifty  cwt.  of  conne  copper  st 

time.    TliB  pieces  of  coareo  copper  are  piled  in  the  furnace  one  over  anoflw. 

leaving  only  sufficient  ronm  for  the  current  of  heated  gaaes  psssii^  tiuvo^ 
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Fiiniao«  from  the  fire-place  to  permeate  the  mass.  As  soon  as  the 
ging  of  the  fdmace  is  completed,  it  is  carefully  closed  up.  The  furnace 
owly  heated,  taking  six  hours  to  bring  it  to  a  red-heat :  this  slowness  is 
ssar J  only  when  the  bed  of  the  furnace  has  been  newly  repaired.  When 
igulax  course  of  work,  only  two  to  three  hours  are  required  for  this 
ose.  At  the  end  of  this  time  the  blast  is  put  on,  the  coarse  copper 
nally  becomes  pasty,  then  slowly  liquefies,  until  the  whole  mass  is 
ed  in  about  six  hours  from  the  time  of  setting  on  the  blast.  During  this 
a  charcoal  fire  is  kept  up  in  the  receiving  basin,  for  the  purpose  of 
ng  it  sufficiently  hot  to  receive  the  liquefied  metal.  A  small  fire  is 
maintained  around  the  tap-hole.  Shortly  after  the  charge  is  perfectly 
),  the  working-door  is  opened,  a  shovelful  or  two  of  moistened  ashes 
Jirown  over  the  surface  of  it  for  the  purpose  of  chilling  the  slag,  which 
en  removed  with  an  iron  rake.  The  furnace  is  again  closed.  The  slag 
ired  contains — 

SiUca        .......  27-6 

Protoxide  of  iron 57*9 

Beutoxide  of  copper 2*0 

Alumina 1*3 

Sulphur     .        k 4-2 

Iron 6-8 

99-7 
Che  refining  now  commences.  The  blast  is  thrown  down  on  the  surface  of 
copper,  and  immediately  oxidation  commences,  producing  scoria,  which 
•moved  from  the  surface  of  the  metal  as  it  is  slowly  formed,  so  as  to  allow 
le  constant  action  of  the  air.  This  operation  continues  four  to  five  hours, 
first  scoria  produced  consists  of — 

Silica 130 

Protoxide  of  iron     ....    75*0 
Deutozidc  of  copper         .        .        .3*5 

Sulphur .2*5 

Alumina 0*2 

Iron 4*2 

98-4 
The  second  scoria  contains — 

Silica 26-2 

Protoxide  of  iron    .         .  .66-0 

Oxide  of  copper      ....      4*0 

Sulphur 1*3 

lion 2-2 

99-7 

When  the  formation  of  the  scoria  ceases,  the  whole  of  the  iron  will  have 
1  separated,  and  only  a  small  quantity  of  sulphur  is  left  in  combination. 
I  continuous  action  of  the  blast  converts  the  sulphur  by  oxidation  into 
ihorous  acid,  which  passes  off  first  in  tubbles,  rising  through  the  metal 
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dde  of  copper,  it  becomes  pasty  and  of  too  deep  a  red  colour,  and  the 
becomes  too  thick  and  difficult  of  management  in  removaL  To  cor- 
(  defect,  a  few  pounds  of  lead  are  added ;  the  cakes  of  copper  become 
tly  thin,  without  its  ductility  or  malleability  being  affected ;  but  its 
is  injured.  One  thousandth  part  of  lead  is  sufficient  to  prevent  the 
being  drawn  into  wire ;  and  it  gives  to  the  copper  the  property  of 
ng  very  rapidly  in  the  air.  The  appearance  of  micaceous  scales  in 
when  fractured,  indicates  the  presence  of  oxide  of  copper  or  of  anti- 
The  latter  metal  is  derived  principally  from  the  le^  used  in  the 
tion  process.  As  it  is  very  difficult  to  separate  perfectly,  it  is  of  im- 
8  to  avoid  the  use  of  hard  lead  containing  this  metal,  as  the  copper 
d  from  it  cannot  be  used  either  for  making  sheets  or  wire,  being  too 
d  brittle,  and  of  a  yellowish  colour. 

le  cooling  of  the  plates  of  the  rosette  copper,  it  is  necessary  to  be  very 
that  the  whole  of  the  metal  be  solidified  before  it  is  put  into  water, 
wise  dangerous  explosions  may  occur. 

a  small  proportion  of  copper  is  used  without  being  alloyed  with  other 
as  these  alloys  are  of  great  importance  in  the  arts  and  manu&ctures, 
L  devote  some  space  to  their  consideration. 

1JB  of  Copper. — Copper  in  the  pure  state  requires  a  great  heat  for 
>n ;  and  when  cast,  has  a  great  tendency  to  becoQie  porous.  This 
a  certain  extent,  be  obviated  by  the  use  of  a  small  quantity  of  phos- 
mixed  into  the  pot  of  metal  when  ready  for  casting,  immediately 
t  is  poured.  This  effect  is  also  produced  by  the  addition  of  about 
cent,  of  zinc.  The  metal  is  also  too  soft  alone  for  general  purposes ; 
moreover,  it  is  more  costly  than  most  of  its  alloys,  which  will  for 
I  purposes  generally  serve  equally  well,  if  not  better,  its  use  is 
zed  as  much  as  possible.  The  principal  alloys  of  copper  with  other 
ire  as  follow : — 

Alloys  of  Copper. 


Copper. 

Zino. 

Tin. 

I/!ad. 

Nickel 

Anty. 

bronze  sword  .... 

87-000 

_ 

13-000 

.^ 

.... 

springs 

97-000 

— 

3000 

— 

— 

— 

for  statues 

91-400 

6-630 

1-700  • 

1-370 

— 

— 

)r  medals 

90000 

-^ 

10000 

— 

— 

— 

)r  cannon 

90000 

—. 

10000 

— 

— 

— 

)r  tamtams  and  cymbals  . 

78000 

-^ 

22000 

— 

— 

— 

}r  gilding 

82-267 

17-481 

0-238 

0-024 

— 

— 

do. 

80000 

16-600 

2-600 

1000 

— 

— 

m  metal 

66000 

— 

33000 

-^ 

— 

^i^m 

r  sheet 

84-700 

16-300 

— 

~~m 

— 



metal  for  jewellery    .     . 

72-730 

27-270 

— 



— 



ck 

80000 

20-000 

— .. 

— 

— 

— 

metal 

76000 

26-000 

-^ 

— 

— 



do 

60000 

60-000 

— 

— 

— 



letal 

84-700 

16-800 

— 

— 

— 



wire 

70-290 

29-260 

0-17 

0-28 

— 

— 

i;old 

66-000 

33*000 

— 

— 

— 

— 
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ALU)^-| 

or  CorEXK—Canlin 

uid. 

1  Copper. 

ZiDc. 

T«. 

t«d. 

mAa\  ABtT.| 

Guu-meUl,  fur  bosnngs  of  m 

Munti's  metal  for  Bhcnllimg 

Good  yellow  bnsa  foi   tnml 

nnd  BXmg  for  miKhiDGry 

aO-300 

eo-om 

66-000 
8000O 
8-30O 
8000O 

1-000 
60000 
66000 
SO-000 

9-670 

40-000 
33  00 
20-00 

200 
17-8 
13-a 
2&tt 

0-03 

83-00 
20-00 

81-00 

- 

222 

IB'3 
26-0 

'■1 

16-fl 

Bobbitfe  meUl  for  busbingj 
BeU-metal  for  Urge  belU  . 

Nickol-savcr,  EagUsh  ,     . 
Dg,                Pariiiun  .     . 

TliQ  specific  gruTity  of  brass  is  grefttcr  than  the  mean  of  its 
varying  from  782  to  HT.T;  that  of  copper  being  8-78,  and  of  einc  «-M.  Tbi 
donsitj  of  tlie  lomlioc  metal,  composed  of  copper  S7'&  aad  zino  13-5,  whs 
drawn  into  wire,  has  been  found  aa  high  as  9-0 

Brass  was  former!]''  manufactured  from  copper  in  tlie  fonn  of  besn-iAeL 
or  clippings,  and  tlie  oxide  of  zinc,  obtained  b;  the  ealdnation  of  cabiniu 
or  carbonate  of  zinc,  mi^ed  together  vitli  pondered  charcoal  in  eradblo, 
andeiposedtoft  strong  white  heat.  By  thisproceasBcombinBtionofagMilO 
proportion  than  28  of  zinc  with  72  of  copper  could  not  he  obtained,  the  pro- 
duct being  known  hy  the  French  aa  arcol.  If  a  larger  proportion  of  liiM 
were  required  in  the  compound,  it  was  necessary  to  remelt  the  urcol.  and  to 
add  the  proportion  of  zinc  required.  The  proportionB  employed  were  eqml 
parts  of  calcined  calamine  and  melalhc  copper,  with  one-third  of  the  united 
weights  of  powdered  charcoal. 

lu  the  Tear  1781  a  patent  was  obtained  hy  James  Emerson,  for  the 
focture  of  brass  direct  from  its  metallic  constituents ;  hut  the  old  plan  bu 
been  still  pursued  until  a  comparatively  receut  period.  From  the  impion- 
ments  that  have  been  making  in  the  imeltingof  zinc,  by  which  the  cost  of  ttui 
metal  has  been  greatly  reduced,  it  baa  been  found  much  more  economical  to 
make  brass  entirely  and  exclusively  at  one  operation  from  lh«  two  metab. 
Instead  of  the  oxide  of  zinc  of  calaniiiie.  the  same  Eubslance,  obtained  lij 
the  calcination  of  blende,  blackjack,  or  sulphuret  of  zinc,  was  olso  aometjnic* 
employed. 

Brass  is  manufactured  on  the  Iftrgc  scale  in  crucibles  hcat«d  in  a  fomicf 
whose  diameter  is  about  five  feet ;  itB  height,  Irom  the  sole  to  the  ciomi,  b 
the  same  as  the  diameter.  Instead  of  fire-bars  to  support  the  fuel,  the  bed  of 
tlie  furnace  consists  of  an  iron  plate,  on  wliich  is  a  layer,  abont  two  inchei 
thick,  of  refractory  fire-clay,  firmly  beat  down,  but  perforated  with  tbirt*«ii 
holea  corresponding  with  similar  holes  in  the  iron-plate.  Through  these 
holes  are  placed  conical  cast-iron  fi-ames,  around  which,  and  ler«l  with  tlie 
top  of  them,  the  fire-clay  bed  is  laid.    These  frames  are  abont  four  inehe*  ia 
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diameter  iu  the  clear  below,  aud  two  aud  a  half  iuclies  above.    These  serve 

wtM  draught-holes  for  sappljing  the  air  necessary  for  the  consumption  of  the 

placed  around  the  eight  crucibles  equally  distributed  over  tlie  sole  of  the 

The  mouth  of  tlie  furnace  is  furnished  ^nth  a  cast-iron  collar,  and 

from  twelve  to  sixteen  inches  in  diameter ;  it  is  also  furnished  with  a  fire- 

cover.    Several  of  these  furnaces  are  placed  side  by  side,  so  as  for  tlieir 

uea  to  communicate  with  one  chimney.    The  crucibles  are  best  made  of  the 

quality  of  clay,  and  in  tlie  same  manner,  as  for  glass  making ;  they 

•msnally  last  from  a  fortnight  to  tlirce  weeks,  if  well  mtide  and  carefully  used. 

^Ihej  contain  from  one  hundredweight  to  one  hundredweight  and  a  quarter 

<3f  melted  brass.    Either  coal  or  coke  is  used  as  fuel.    When  the  interior  of 

'the  furnace,  with  tlio  charge  of  empty  pots,  has  been  raised  to  a  red  heat, 

9ach  pot  is  in  succession  taken  out  of  the  furnace,  tlicn  chai'ged  with  the 

xnetal,  and  replaced.    The  furnace  is  lilled  up  with  fuel,  aud  tlie  heat  main- 

"tained  until  the  whole  of  the  charge  is  perfectly  melted,  which  it  usually  is 

in  about  tlireo  hours.    The  fused  brass  is  poured  out  into  granite  moulds,  or 

into  open  sand,  for  the  foimation  of  tlie  ingots,  to  be  used  for  remelting. 

Commonly  no  Hux  is  employed  in  assisting  the  combination  of  the  copper 

and  the  zinc;  but  in  several  foundries,  ^le  author's  recommendation  to 

amploy  soda  ash,  either  alone  or  in  combination  witli  slacked  lime,  has  been 

adopted  with  advantage.    A  few  ounces  only  of  the  mixture  is  suihcient  for  a 

pot  of  thirty  to  forty  pounds  of  metal.    AVhen  tlie  metal  is  required  for 

mnning  very  tliin  castings,  if,  after  the  skimming  of  the  pot,  half  an  ounce  of 

dry  phosphorus  be  rapidly  stirred  in,  castings  may  be  successfully  run  tliat 

would  otherwise  have  been  very  liable  to  fail.    The  phosphorus  causes  the 

metal  to  become  much  more  hquid ;  and,  when  cold,  to  attain  a  greater  density, 

as  indicated  by  its  specific  gravity,  than  it  would  otlierwise  have  obtained. 

Ab  considerable  accumulations  of  skimmings,  turnings,  filings,  &c.,  take 

place  in  foundries,  it  becomes  necessary  to  render  them  available.    This 

is  usoally  done  by  washing,  sifting,  &c.,  before  fusing  in  a  crucible  with 

sal-enixum  or  sulphate  of  potash;  but  very  much  of  tliis  labour  may  be 

avoided,  and  better  results  obtained,  by  at  once  fusing  the  mixture  with  soda 

ash. 

Brass  is  largely  employed  not  only  for  the  taps,  but  also  for  the  orna- 
ments of  gas-fittings.  Some  of  these  ornaments  are  finislicd  off  in  the 
toming'lathe,  with  the  chisel,  file,  and  polishing- tool,  the  finished  surface 
being  protected  with  ar  coloured,  or,  better  stUl,  with  the  best  metal,  if  a  gold 
colour  be  required,  witli  a  fine  colourless  lacquer  made  v^th  spirits  of  wine 
and  gams.  But  other  portions,  which  will  not  bear  tlie  cost  of  tooling  for 
bringing  up  the  surface,  are  cast  up  to  the  required  form  at  once,  and  the 
required  surface  produced  most  rapidly  and  ingeniously  by  dipping  the  work 
in  a  bath  of  '*  dipping  acid,"  composed  of  nitric  acid,  sulphuric  acid,  and 
mnriate  of  ammonia,  or  sal-ammoniac.  The  mixture  should  be  so  strong 
that  only  a  momentary  dip  should  bo  sufficient  to  make  the  object  bright  and 
clear,  however  rough  it  may  have  been.  It  sliould  then  immediately  be  well 
washed  in  cold,  and  finally  in  boiling  water.     It  is  sometimes  dried  off 
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in  warm  bran  or  fine  saw-dust.  The  beautiful  surfBuw  thus  produced  is 
commonly  protected  with  a  coTeiing  of  lacquer ;  but  it  will  far  many  months 
withstand  the  ordinary  influences  of  domestic  life  without  such  aid. 

From  the  high  temperature  necessary  for  the  fusion  of  copper,  a  con- 
siderable loss  of  zinc  might  have  been  anticipated  in  the  manufacture  of 
brass,  as  the  latter  metal  is  volatilized  at  a  much  lower  temperature  than 
the  fusing-point  of  the  alloy ;  but  the  affinity  of  the  two  metals  for  each  other 
is  such  as,  with  proper  management,  renders  the  loss  inconsiderable. 

If  the  zinc  bo  first  melted,  and  copper  plunged  into  it,  the  formation  of 
the  alloy  will  immediately  commence,  without  the  fusion  of  the  copper. 
Copper  plates  and  rods  ore  sometimes  partially  converted  into  brass,  I17 
simply  exposing  them,  at  a  high  temperature,  to  the  vapour  of  volatilized 
zinc.  Copper  vessels  may  also  be  partially  converted  into  brass  by  boiling 
them  in  dilute  muriatic  acid  vdih  wine  stone  argol,  or  crude  tartrate  of  potssk, 
and  an  amalgam  of  zinc.  The  best  proportions  for  fine  brass  appear  to  be 
those  of  the  chemical  equivalents  of  the  metals, — viz.  2  copper  63*3  X  1 
32*57,  or  about  two  parts  of  copper  and  one  part  of  zinc. 

For  rolling  into  plates  or  sheets,  and  for  drawing  into  wire,  it  is 
that  the  brass  should  be  made  exclusively  of  copper  and  of  zinc ;  but  a  bettor 
metal  for  turning  purposes  is  produced  by  the  admixture  of  about  two  par 
cent,  of  lead.  Brass  laminates  well  in  the  rolling-mill  cold,  as  long  as  it  ii 
kept  sufficiently  soft ;  but  as  by  lamination  the  metal  hardens  and  becomes 
brittle,  it  is  necessary  to  restore  its  tenacity  by  annealing  in  an  oven  or  re- 
verboratory  furnace.  The  same  process  of  annealing  is  necessaiy  in  tb« 
manufacture  of  brass  wire,  which  is  obtained  by  drawing  it  through  holes  in 
steel  plates,  polished  carefully  and  adjusted  in  series,  graduated  in  size,  sou 
not  to  diminish  two  rapidl}',  and  thus  render  it  necessary  to  employ  so  madk 
power  for  drawing  a?  would  cause  the  breaking  of  the  wire. 

Brass  is  not  usually  so  prepared  as  to  admit  of  its  being  hammered  oot, 
as  is  done  in  tlie  manufacture  of  copper  utensils ;  but  a  brass-foil  or  Dutch 
metal  of  the  colour,  and  approaching  the  thinness,  of  gold-leaf,  is  mannfte- 
tured  by  beating  out  thin  sheets  of  brass  with  hammers  worked  by  water- 
power,  makiug  300  or  400  strokes  per  minute.  Brass  sheathing,  Imown  as 
Muntz's  metal,  is  now  largely  employed  as  a  substitute  for  copper,  for  cover 
ing  ships'  bottoms ;  a  variety  of  the  same  metal  is  also  used  for  drawing  into 
tubes  for  steam  pipes  and  flues  of  locomotive  boilers.  They  are  much  less 
costly  than  the  copper  tubes  ordinarily  employed  for  these  purposes.  In  all 
the  various  white  metallic  alloys  used  for  domestic  utensils — such  as  Gennan 
silver,  nickel  silver,  britannia  metal,  &c.,  whether  intended  to  be  used  as 
they  ai-e,  or  as  the  basis  for  covering  with  silver  by  electrotype 
— copper  forms  the  most  important  constituent. 


CHAPTER  XXVin. 

TIN,  ITS  ALLOTS  AND  STNONTMES. 

Synonyme9 :  Etain,  Fr. ;  Zinn,  Oer. ;  Stammm,  Jupiter. — ^As  it  is  most 
easily  obtainable  from  the  pure  native  oxide,  with  the  aid  of  heat  and  char- 
coal alone,  it  was  early  known  to  the  ancients.  It  is  spoken  of  by  Moses ;  it 
was  obtained  by  the  Phoenicians  from  Great  Britain,  and  from  Spain.  It 
much  resembles  titanium  in  its  chemical  properties,  the  corresponding  com- 
pounds of  the  two  metals  being  isomorphous. 

Tin  Kiaing. — Tin  in  its  refined  state  has  a  colour  and  lustre  approach- 
ing to  that  of  silver,  but  is  slowly  tarnished  by  exposure  to  the  atmosphere. 
It  is  harder  than  lead,  very  msJleable,  and  may  be  laminated  into  foil  or 
leaves  of  tin  of  exceeding  thinness,  but  cannot  be  drawn  into  wire.  liubbed 
or  otherwise  subjected  to  friction,  it  exhales  a  peculiar  odour,  and  communi- 
cates to  the  tongue  an  unpleasant  taste.  Bods  or  strips  of  pure  tin  are  flexible, 
but  devoid  of  elasticity :  the  bending  of  thick  bars  produces  a  crackling 
sound,  as  if  fibres  of  metal  were  being  slidden  over  each  other — probably 
occasioned  by  the  disturbance  of  the  constituent  crystals. 

According  to  Kupffer,  tin  melts  at  446'' ;  Crichton  makes  it  442"*  Fah.  In 
close  vessels  it  bears  high  temperatures  without  volatilization  or  sensible 
loss.  It  boils  at  a  white  heat;  its  specific  gravity  is  7*291,  but  may  be  in- 
creased to  7*802  by  condensation  of  the  particles. 

Heated  to  redness  in  contact  with  atmospheric  air  or  free  oxygen,  it  loses 
its  metallic  lustre,  rapidly  passing  into  the  gray  protoxide ;  by  continuing 
the  operation,  the  tin  absorbs  a  further  equivalent  of  oxygen,  and  is  converted 
into  a  yellowish- white  powder,  the  peroxide,  more  commonly  termed  "  putty" 
of  tin.  The  protoxide  consists  of  tin  87*64,  oxygen  12*a6  =  100*00 ;  the 
peroxide  of  tin  78*61,  and  oxygen  21*89  =  10000.  In  its  pure  state,  tin  is 
scarcely  acted  upon  by  dilute  acids  and  reagents.  Kitric  acid  of  moderate 
strength  acts  upon  it ;  not  dissolving  it,  but  converting  it  into  a  white  powder, 
"with  energetic  action  and  evolution  of  heat. 

The  applications  of  the  metal  in  the  arts  are  exceedingly  numerous.  The 
tinning  of  iron  plates  and  hollow  ware  goods,  generally  for  domestic  purposes, 
is  one  important  application.  Bronze  and  gun-metal  owe  much  ol  their 
valuable  properties  to  its  presence.  Cymbals,  Chinese  gongs,  and  bells,  are 
dependent  on  the  presence  of  tin  for  their  peculiar  tones.  lieflectors  of  tele* 
scopes,  and  the  standard  measures  used  by  Government,  are  made  oi  an 
alloy  in  which  tin  largely  enters.  Imitation  gold,  britannia  metal  wai^s, 
common  pewter,  and  a  number  of  minor  alloys,  are  produced  with  its  assis- 
tance. Solders  form  an  important  feature  in  the  uses  of  tin ;  plumber's 
j    solder,  tinman's  solder,  pewter  solder,  and  other  similar  applications  of  the 


metal,  aie  too  well  known  to  require  detailed  description.  With  mercnzy  it 
forms  the  valuable  amalgam  used  in  silyering  mirrors. 

The  pale  yellow  anhydrous  peroxide  is  largely  used  by  jewellers  inpolifih- 
ing,  under  the  name  oi.putty  powder.  The  white  enamel  inside  certain  kinds 
of  pottery  ware  is  composed,  in  part,  of  tin  oxide.  It  is  also  used  to  render 
glass  white  and  opaque,  as  in  the  preparation  of  the  enamel  for  the  dials  of 
watches,  and  the  manufacture  of  artificial  gems.  Other  compounds  of  tin 
are  of  important  application :  nitrates  and  chlorides  are  largely  used  in 
dyeing ;  while  a  compound  of  tin  and  gold  precipitate  giyes  the  beantiliil 
purple  of  Cas8ius. 

Tin  Ores. — The  known  ores  of  tin  are  limited  to  two:  cassiterite,  or  tin- 
stone ;  and  tin  pyrites.  The  peroxide  of  tin  sometimes,  though  rarely,  occurs 
massive,  fibrous,  granular,  and  crystallized ;  in  colour,  all  shades  from  light- 
brown  to  black :  and  in  the  Moimt's  Bay,  Cornwall,  the  oxide  of  tin  has  been 
met  with,  in  white,  translucent,  glassy  crystals^  (tin  diamonds)  of  great  beauty. 
The  oxide  of  tin  belongs  almost  exclusively  to  the  oldest  of  the  primitiTe 
mountains,  but  not  to  the  oldest  granite.  It  is  found  in  irregular  veins, 
pockets,  or  bunches ;  a  continuous  well  defined  lode  of  tin-stone  is  not  a 
frequent  mode  of  occurrence.  It  is  disseminated  in  certain  descriptions  of 
granite,  but  in  too  small  quantities  for  working  economically  on  an  extensile 
scale.  The  veins  are  of  various  descriptions :  the  stanniferous  ore  sometimes 
occurring  in  thin  flat  masses  or  floors,  parallel  with  the  bed  of  the  rock, 
apparently  without  connection  with  the  adjacent  veins.  These,  thoxigh  small, 
are  often  numerous,  and  at  their  junction  commonly  display  to  the  miner  a 
paying  deposit  of  ore. 

Tin  pyrites  (sulphuret  of  tin)  occurs  massive ;  colour  steel-gray,  yellowish- 
white,  or  yellow,  and  buff  :  at  times  specimens  are  found  exhibiting  all  four 
colours  irregularly.  Its  fracture  is  granular  and  uneven,  passing  into  con- 
choidal  of  a  shining  lustre.  Composition :  tin  86,  iron  2,  copper  86,  sul- 
phur 26  =  100. 

The  peroxide  of  tin  is  the  only  ore  of  the  metal  extensively  used.    In 

Cornwall  the  largest  mines  are  in  the  neighbourhood  of  St.  Agnes,  Gwenap, 

Helston,  St.  Ives,  and  Penzance  in  the  west,  and  St.  Austle  in  the  east 

Small  quantities  are  mined  near  Tavistock  in  Devonshire.     The  most 

celebrated  mines  are  Wheal  Vor,near  Helston;  Polberrow, near  St.  Agnes; 

Polgooth,  near  St.  Austle ;  Drake  Walls,  near  Tavistock,  on  the  Comish 

side  of  the  Tamar ;  and  Birch  Tor,  or  Vitifer,  also  near  Tavistoclk,  but  on 

the  eastern  side  in  Devonshire.    Some  of  these  mines  have  been  worked 

from  the  most  remote  antiquity;   have  been  successively  abandoned  and 

worked  as  an  increased  demand  and  improved  value  of  the  metal,  or  the 

development  of  greater  facilities  of  working,  has  allowed  of  the  work  being 

resumed  with  profitable  results.    Next  to  the  Cornwall  mines,  those  of  the 

Mnlayan  Peninsula  and  Banca  produce  the  largest  quantity  of  tin.    Spain* 

Bohemia,  Saxony,  France,  and  one  or  two  other  states  in  Europe,  product 

small  quantities  only;  as  also  do  Chili,  Peru,  Mexico,  and  other  American 

states.    Becently  Austraha  has  exported  small  quantiUes  of  auriferous  tin 
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ore ;  and  looMng  at  the  known  stanniferoua  character  of  the  Australian 
Alpine  chain,  there  ia  reason  to  belieye  that  in  a  few  years  the  supply  of  tin 
from  that  continent  will  materially  affect  the  prospehty  of  the  Cornwall 
mines. 

Sulphuret  of  tin  has  been  worked  near  St.  Agnes,  Bedmth,  Constantine, 
St.  Anstle,  and  other  places,  in  very  limited  quantities.  It  is  probable  that 
future  researches  into  the  constituents  of  apparently  worthless  substances 
will  open  up  other  sources  of  obtaining  tin. 

Kinlng  of  Tin  Orea* — This  is  peribrmed  in  nearly  the  same  maimer  as 
for  copper  ores.  The  description  there  given  of  the  mode  of  sinking  shafts, 
driying  levels,  winzes,  and  other  dead- work  operations ;  extracting  the  ore, 
the  modes  of  ascending  and  descending  the  mines,  absence  of  ventilation, 
drawing  the  ores,  and  draining  the  deep  workings  of  water,  apphes  equally 
to  tin  mines,  and,  it  may  be  added,  to  lead  also.  At  the  surface,  the  dressing 
of  tin  ores  for  sale  is  conducted  on  the  same  principle,  but  in  a  diilerent 
maimer  from  that  pursued  with  copper  ores. 

Cleaning  Tin  Ores  is  commenced  at  the  surface,  by  breaking  the  stones 
and  separating  the  product  of  the  mine  into  heaps  of  different  qualities, 
according  to  the  richness  of  the  tin  ore,  or  the  nature  of  the  gangue.  If 
merely  of  stony  matter,  the  ore  is  divided  into  two  or  three  qualities,  accord- 
ing to  their  apparent  richness,  in  order  to  diminish  the  loss  in  dressing ;  but 
such  as  contain  copper,  pyrites,  and  some  other  substances,  are  placed  in  a 
separate  division,  to  be  dressed  apart  from  the  others.  Ores  containing 
wolfram  require  special  treatment  for  the  ehmintttton  of  the  tin  which  they 
contain. 

The  first  operation  to  which  the  ores  are  subjected  is  the  stamping.  The 
stamping-mill  is  an  apparatus  in  constant  requisition  in  tin  mines.  It  con- 
sists essentially  of  a  momber  of  cast-iron  pestles,  meaauing  twenty  inches 
high,  and  six  inches  by  ten  ip  the.  beating-face,  secured  by  castings  or  keys 
to  a  narrow  wrought-iron  «h«nk>  or  by  sockets  to  a  wooden  stalk.  In  its  ver- 
tical movement  the  shank  carnes  on  its  upper  part  a  projecting-arm,  and  at 
bottom  and  top  is  guided  by  suitahie  metal  or  wooden  supports.  A  revolving 
shaft  is  in  front,  armed  with  four  or  five  projecting  cams,  each  of  which 
catches  in  the  arm,  and  lifting  the  pestle  eight  or  ten  inches,  lets  it  suddenly 
fall  on  any  substance  underneath.  The  hard  tin-stone  rapidly  wears  away 
the  metal  of  tlie  beating-head;  and  to  compensate  for  the  shortening  going 
on,  the  projecting-arm  is  constructed  that  it  may  be  slidden  up  or  down, 
to  meet  the  wear  of  the  pestle,  or  other  irregularity.  The  bottom  on  which 
it  works  is  formed  by  allowing  it  to  stamp  for  a  short  time  dry  or  hard  stones, 
or  other  similar  material. 

Around  four  pestles  a  wooden  box  is  constructed,  and  covered  in  at  top 
to  meet  the  lower  guides  of  the  shanks.  The  sides  of  this  box  are  continued 
upwards  to  cany  top-guides,  and  to  steady  this  portion  of  the  apparatu3  in 
the  rear.  The  back  is  partly  open  at  the  bottom  to  admit  the  tin  stuff.  In 
front  two,  and  pn  each  side  one  orifice,  seven  or  eight  inches  square,  are  cut 
out  of  the  wood  near  the  bottom,  and  fitted  with  cast-iron  frames,  containing 
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perforated  iion,  copper,  or  brass  plates,  Uie  bur  of  the  pimcli  or  driU  tonrii 
the  inside.  As  a  precanlion  Bgaiust  its  speedj  deetiuctiori  bj  the  riaieallj 
scattered  fragments  of  etone,  the  inside  of  the  box  u  partiollj  lined  «itt 

Tin-Etotie  is  supplied  on  an  im^lined  piano  or  bopp«r  at  the  back,  when 
also  Q  small  atream  of  wilier  untera  the  box.  The  product  of  the  aumpng 
is  received  in  front  and  at  the  Hides  into  wooden  channels,  ftnd  directed  U 
the  dressing- floors. 

With  water-power,  tho  nnmber  ot  heads  is  limited  by  the  quantity  of 
water  and  fall :  three  ia  tlic  least  nuniber  used,  but  four  or  Eome  of  its  mti- 
tiples  is  a  preferable  number.  If  steam-powei  is  used,  the  nmaber  of  headt 
or  pestles  driven  is  limited  only  by  the  requirements  of  tho  mine ;  ia  aome 
productive  tin  mines  tweu^-four  are  employed,  while  in  others  ninety-six  ut 
kept  at  work  day  aud  night  throughout  the  week.  The  employment  of  slMB- 
power,  liowever,  necessitates  the  adoption  of  mechanism  for  preTcniiDg 
injury  to  the  stamping  apparatus,  by  au  aecidcntal  reversal  of  the  motiM 
given  to  the  shaft  carr\'in);  the  projecting  cams.  A  eidc-view  of  the  sile^ 
riably  attached  to  the  end  of  the  crank-shaft  of  each 


nnyii:^  used  fur  diisiiig  n  Elampii.<;-mill  is  giviiii  in  Fig.  14!l.  By  means  rf 
the  catch-lcvci-a  in  the  part  atloched  to  tl)e  crank-shaft,  acting  on  the  teeth  of 
the  other  part  to  which  is  connected  tlie  axle  carrying  tlie  cams,  motion  is 
oororaiinicated  to  the  latter  only  wlion  the  engine-shaft  revolves  in  the  proper 

When  in  action,  the  pottles,  or  stamp-heads  as  they  are  commonly  called 
by  tho  roinar,  aro  elevated  forty  to  eighty  times  per  minute.  The  distaiioe 
through  which  they  are  elevated  varies  in  different  stom ping-mills,  as  also  in 
tho  same  mill,  thnrunh  vnrinUnn  ui  the  length  of  the  stamp-head  from  the 
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lifting- arm.  Ten  inches  may  be  considered  an  extreme  lift ;  seven  inches  a 
imiTiTTntiTTi.  The  repeated  blows  of  the  pestle-head  crashes  the  ore  to  frag- 
ments ;  and  reacting  on  it  till  reduced  to  a  powder  sufficiently  fine  to  pass 
through  the  perforations  of  the  iron  plate,  violently  ejects  it  with  the  water. 
The  pulverization  is  greatly  facilitated  by  having  four  pestles  in  the  same 
box,  placed  side  by  side,  and  no  more  than  two  or  two  and  a  half  inches 
apart.  Each  pestle  is  lifted  separately ;  and  the  cams  by  which  this  is  done 
are  so  disposed  on  the  periphery  of  the  axle  that  the  blows  are  given  in 
regular  succession,  so  long  as  the  apparatus  is  in  regular  motion.  If  the 
mill  consists  of  more  than  four  pestles,  tlie  cams  of  the  entire  number,  how- 
ever large,  are  so  accurately  disposed  on  the  axle  that  no  two  pestles  of  a 
mill  of  ninety- six  can  fall  at  the  same  instant.  Much  difference  of  opinion 
prevails  as  to  the  order  in  which  the  lifting  of  four  in  one  box  should  take 
place ;  whether  one  of  tlie  inner  pestles  should  precede  the  other,  or  whether 
a  side  pestle  should  be  first  lifted.  A  preference,  however,  seems  to  be  given 
to  the  following  order,  supposing  the  spectator  to  stand  in  front  of  a  four- 
pestle  battery : — ^Left  side  pestle  first,  right  side  second,  right  middle  third, 
left  middle  last.  Long  experience  has  demonstrated  that  the  stamping  is 
best  performed  with  this  order  of  lifting.  Scattered  by  the  blow  of  one  pestle 
under  the  partially  lifted  adjoining  pestles,  the  tin-stone  which  enters  the 
back  of  the  box  is  subjected  to  from  160  to  820  blows  per  minute,  from  pestles 
weighing  between  300  and  400  lbs.  each  when  new. 

The  small  holes  in  the  stamps-grate  allow  the  ore  to  pass  only  when 
reduced  to  a  fine  sand.  At  six  or  eight  feet  from  the  perforated  plates,  in  front, 
are  two  large  cisterns,  eighteen  or  twenty  inches  wide,  ten  or  twelve  deep, 
and  having  nearly  this  quantity  of  declination  in  a  length  of  fifteen  or  sixteen 
feet.  These  cisterns  are  connected  with  the  battery  by  channels  and  small 
sluice-gates,  by  means  of  which  the  entire  product  may  be  conveyed  to  one 
cistern  while  the  other  is  being  emptied  of  its  accumulations.  From  the 
lower  ends  of  the  cisterns  the  mineralized  water  nms  into  a  common  channel, 
to  an  excavation  in  the  ground  known  as  the  **  slime  pit,"  where  it  deposits 
much  of  the  slimy  matter  in  solution.  A  second  slime  pit  is  kept  in  reserve, 
to  be  used  whilst  the  other  is  being  emptied.  If  the  mill  is  a  large  one,  there 
will  be  a  slime  pit  for  evgry  eight  or  ten  pestles.  If  the  water  still  contains 
a  notable  quantity  of  solid  matter,  it  is  passed  into  other  pits  till  nearly  the 
whole  has  been  deposited.  The  water  of  extensive  mines  is  commonly 
charged  with  stanniferous  matter  for  a  considerable  distance  from  the  works; 
and  numerous  streamers  purchase  of  the  mine-owner  the  privilege  of  extract- 
ing such  portions  as  they  may  be  able  to  do  with  their  rude  apparatus — ^those 
nearest  the  works  paying  the  heaviest  royalty. 

In  the  long  cisterns,  the  roughs  or  coarse  particles  of  the  ore  are  deposited, 
the  largest  and  heaviest  at  the  head  of  the  cistern, — the  value  of  the  deposit 
being  nearly  in  an  inverse  ratio  to  its  distance  from  the  entrance  of  the  ore 
and  water.  The  contents  of  the  cistern  are  divided  into  three ;  and  the 
treatment  of  the  several  portions,  though  varying  to  some  extent  with  the 
character  of  the  ore  reduced,  and  local  usage,  may  be  described  as  follows : —  . 


heavier  particles  will  descend  most  rapidly,  and  be  found  collected  at  the 
bottom.  Assuming  that  oxide  of  tin  is  the  heaviest  ingredient,  its  separation 
seems  a  very  simple  process  :  the  particles  subsiding  first  will  naturally  be 
richest  in  tin ;  but  it  is  equally  probable  that  in  the  superincumbent  strata 
there  yet  remains  a  large  proportion  of  the  whole.  With  the  exception  of 
the  top  stratum,  these  are  again  washed,  for  the  further  separation  of  oxide. 
Yet,  after  passing  and  repassing  through  the  several  processes  described,  it 
is  questionable  if  more  than  fif^  per  cent  of  the  tin  oxide  in  the  ore  treated 
is  recovered,  the  remaining  fifty  per  cent,  being  lost. 

This  may  appear  a  high  estimate  of  loss ;  but  on  reviewing  the  whole  of 
the  dressing  process,  it  must  be  evident  that,  though  conducted  on  long- 
established  and  simple  principles,  a  moiety,  at  least,  of  the  tin  is  lost.  The 
principle  of  dressing  by  subsidence  in  water  is  faulty,  inasmuch  as  it  pro- 
ceeds on  the  assumption  that  after  stamping,  the  oxide  of  tin  exists  as  clean, 
independent  grains,  in  a  mixture  consisting  essentially  of  sand.  In  many 
mines  the  tin  oxide  is  to  the  stony  matter  as  3  to  100.  Now,  looking  at  the 
manner  in  which  the  two  are  combined,  we  may  conclude  that  while  the 
stamping  results  in  a  number  of  particles  of  oxide  of  tin  nearly  free  from 
gangue,  a  far  greater  number  will  consist  of  stony  matter  with  a  small  alloy 
of  tin.  When  subjected  to  the  subsidence  process,  the  great  specific  gravity 
of  the  former  results  in  their  immediate  separation  and  collection,  and  the 
next  heaviest  particles  will  be  similarly  collected;  but  the  largest  quantity  is 
discharged  as  worthless,  because  of  its  hghtness,  when,  owing  to  its  being  in 
greater  quantity,  it  is  capable  of  abstracting  a  moiety  of  the  tin  oxide.  While 
the  defects  of  the  present  system  of  dressing  tin  ores  are  admitted  by  many 
intelligent  miners,  a  remedy  which  shall  enable  a  larger  per-centage  oi  the 
oxide  to  be  recovered,  is  a  desideratum  which  improvements  in  metallnigj 
alone  can  supply. 

In  very  many  instances,  with  great  advantage,  the  stamps  may  be  i^lmwrf, 
if  not  entirely,  substituted  by  tlie  employment  of  the  crusher,  of  precisely  fbt 
same  form  as  tliat  described  for  the  treatment  of  copper  ores.    The  cruBhing 
is  eficcted  with  much  greater  rapidity  by  the  crusher  than  by  the  stamps,  and 
at  much  less  cost ;  but  httlc  attention  has  as  yet  been  devoted  to  this  subject 
and  it  is  curious  to  obser\'e  among  tin-miners  the  strange  notion  they  have 
that  the  crusher  cannot  do  for  tin  stuff  what  it  will  do  for  copper  stuff, 
although  tliey  may  want  precisely  the  same  sort  of  effect  to  bo  produced. 
Much  tin  stuff  consists  principally  of  white,  hard,  and  brittle  quartz,  inter- 
spersed with  black  oxide  of  tin  in  solid  compact  masses.    The  crusher  pro- 
duces a  pecuHarly  desirable  effect  on  such  ores  by  cracking  off  the  quartz 
from  the  tin,  leaving  the  tin  in  large  coarse  grains,  which,  when  the  other 
earthy  and  metallic  refuse  matters  have  been  dressed,  are  left  extremely  rich 
in  the  form  known  as  **  jigged  tin."   That  which  has  been  by  the  same  (^ra- 
tion crushed  smaller  is  extracted  as  fluran,  and  the  remainder  separated  as 
smalls  and  slimes.    The  crusher  was  first  introduced  at  Drake  Walls  Mine, 
and  its  use  has  now  been  maintained  for  many  years  with  great  advantage. 
In  other  mines  a  large  proportion  of  the  tin  oxide  is  in  a  very  finely  divided 
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state,  diBfleminated  throughout  maeBes  of  indurated  slate  or  cupel :  and  the 
miner  will  commonly  assert  that  the  craaher  cannot  with  each  tin  BtuS  be 
used  with  advantage.  He  is,  hovreTer,  ntiataken ;  for  with  the  proper  use  of 
a  crusher  suitably  urnn);ed.  the  work  of  the  stamps  can  be  more  efficiently 
done,  with  greater  rapidity,  and  at  mnch  leas  coat.  Thia  matter  is  of  im- 
portance, not  merely  because  the  work  is  done  at  leas  coat,  but  that  much 
tin  staff  now  rejected,  because  not  rich  enough  to  pay  the  cost  of  sbunping, 
woolil  otherwise  be  worked 
over  with  conuderable  ad- 
Tftntage. 

Greatly  improved  devel- 
opments of  tin  mines  are 
to  be  anticipated  from  the 
direction  of  greater  atten- 
tion to  the  use  and  proper 
management  of  the  erush- 

ing  -mill 

The  OTdde  is  frequently 
contaminatea  with  copper  pyntea,  arsenic,  and  other  aubstonccs.  When 
this  is  the  case  the  "  tin  witia  "  is.  Bol^eoted  to  ft  oaleining  process  in  a  re- 
verbraatiny  fomaoe.  Fig.  IDl  is  a 
sectional  elevMion,  and  Fig.  Hi  a 
sectional  plan  of  the  funace  em- 
ployed,     ^nie  itinmngintin  and  fOBB 

vary  wiUi  diflerent  boildeis;  \mt 
the  general  principle  is  the  sune  in 
all  burning-houses.  The  furnace 
IS  bnilt  of  atone,  lined  throughout 
the  interior  with  fire-brick,  and  fur- 
□I'lhed  with  a  working-bottom  of  llie 
ana  material.  A  narrow  fire-plaoe 
at  »ne  end  communicates  for  its 
entire  length  witii  the  i  loi  Lud  uf  Lbt.  chamber  of  the  fomaco,  which  may  be 
nine  feet  long,  five  feet  wide  in  the  middle,  four  feet  at  tba  rear,  fourteen 
inches  high,  and  twenty  inches  wide  at  the  working-door.  The  flame  firom 
the  grate  is  deflected  on  to  the  floor,  and  escapes  through  a.  flue  over  the 
woiUng-door.  The  ore  for  calcination  is  placed  in  a  cavity  on  the  top  of  tite 
fhmace  outside,  from  whence  it  is  discharged,  oa  required,  into  the  chamber 
below.  Under  the  floor  is  an  arch,  having  a  narrow  connecting  aperture 
with  the  interior,  through  which  the  calcined  ore  is  drawn.  The  working- 
door  is  provided  with  a.  serrated  bottom  plate,  to  act  as  a  soriea  of  fulcrums 
to  a  long  rabble,  employed  in  stirring  and  raking  up  the  charge,  so  that  all 
of  it  may  receive  the  same  thorough  calcinatjon.  The  thrust  of  the  arch 
is  met  by  a  system  of  iron  binding.  A  charge  oonsiats  of  ten  or  twelve 
hnndredweights  of  tin  ore,  which  may  be  the  same  number  of  honn  buminKi 
depending  on  the  quantity  and  qoolity  of  the  ore  to  ba  operated  on.    This 
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qiumti^  of  ore  may  be  calcined  vith  a  consumptiaa  of  two  hnndredweighti 
of  coaL  A  doll  led-heat,  while  it  has  no  injurioua  effect  on.  the  tin,  Td»- 
tilizes  much  of  the  anenic  and  Balphni,  and  oxidiies  the  other  metals  m 
that  Bpedficallf  they  become  lighter  than  the  tin  oxide. 

Instead  of  the  ordinary  rcTerberatoiy  fomace,  Bmnton's  cakdner  is  now 
mach  nsed  in  tin  mines,  a  sectional  eleration  of  which  is  shown  in  Fig.  151. 
a  circiilai  oratiioTi  table,  jrappc-ilrf  on  a  cantzal  stoat 
sliaft,  auitalily  stepped  in  Iteariugs,  to  allow  of  its  being 
Blowly  reyoWod  Ly  tlie  gearing  of  a  tooliied  wheel  fiutened 
on  the  under  aide  of  the  rei-olring  bed  C,  which  is  placed  nndd 
Uie  dome  of  a  reTerberatory  furnace,  tlio  fire-place  A  being 
on  one  side,  and  the  fine  B,  leadii:g  to  the  main  chinmej,  oa 
the  oUier.    The  ore  is  fed  tjiroiieh  a  hopper,  E,  placed  in  Uw 
cro^ni  of  the  arch,  and  is  distributed,  and  regularly  tnmed 
and  tlirust  from  the  centre  to  the  orcum- 
by  tbo  arranFiemeDt  shown  in  the 
Eecliouid  clK\alioii      Tbe  rerolntion  <rf  the 
bed  of  the  fonuwe  ia  efEeeUd 
tlie  attachment  of  the 
nachmecy  to  a  small  waler- 
hcel    The  ore  hariiig  been 
nl1y  turned  over,  and 
eveiy  particle  «i- 

f  posed  to  the  oxidii- 
ing  inflnenoa  of  the 
^^^"^  heated  air  p*™Tig 
throng  the  fur- 
nace, whrat  it  hu 

reached  the  discharging  point  H,  it  is  (here  thrust  out  of  the  fnmaoe  into 
tbe  wrinkle  G,  in  a  steady  small  atream,  proportionate  to  a  mmilai-  streaia 
supplied  tbrough  the  hopper.  The  rat«  of  supply  and  discharge  ia  regulsbd 
by  the  rate  of  motion  imparted  to  the  revolving  bed,  which  is  determined  bj 
the  amount  of  time  required  by  the  various  ores  aubjected  to  calcinatioti.  It 
is  evident  that  much  leas  labour  is  necesaary  for  the  working  of  this,  this 
of  the  ordinary  reverberatory  furnace ;  and  a  leas  consumption  of  fuel  i> 
also  snfBcicnt  for  tlie  production  of  tlie  same  effect 

The  flue  from  the  calciners  is  comtnonly  conducted  a  conEdderable  dis- 
tance up  the  side  of  a  hill,  to  a  short  chimney-Etacb,  or,  better  still,  a  hurg« 
square  tower  filled  with  brushwood  or  furze.  For  the  first  100  or  ISO  feet 
from  the  furnace,  the  flue  is  built  much  larger  than  fnttheroff,  with  divisioii*! 
walls  to  increase  tlie  length  of  circulation  of  tbe  volatile  products  frtm  tbt 
furnace ;  doom-ajs  arc  built  in  the  sides  of  these  chambera,  and  these  an 
closed  up  with  temporary  brick-work,  or  with  large  stones.  The  aracnic*] 
inmes  evolved  are  nearly  sll  condensed  in  these  chambers  in  the  fonn  of 
a  white  powder,  which  is  the  white  arsenic  or  araenioos  add.  At  conTenient 
intervals  of  a  month  to  three  months,  the  fines  are  opened,  the  crude  aneiM 
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is  remoyed,  packed  in  casks,  and  sold  to  the  arsenic  manufacturer  for  refining. 
The  sulphurous  acid  evolved  with  the  arsenic  passes  on,  and  is  discharged 
from  the  chimney  into  the  surrounding  atmosphere;  not  unfrequently 
daring  damp  weather  causing  much  damage  to  adjacent  vegetation.  This 
might  be  entirely  avoided  by  the  filling  of  the  tower  with  coke,  kept  moist 
with  a  small  stream  of  water,  which  would  absorb  and  condense  all  the  sul- 
phurous acid. 

Hitherto  the  process  of  calcination  has,  with  but  very  few  exceptions, 
been  employed  exclusively  on  dressed  ores ;  but  great  advantage  in  many  in- 
stances would  be  attainable  by  selecting  those  ores  which  contain  sufficient 
iron,  copper,  or  arsenical  pjrrites,  to  bum  of  themselves  without  fuel.  The 
calcination  in  this  case  would  be  conducted  in  a  furnace  resembling  a  small 
lime-kiln,  the  ore  being  supplied  at  the  top ;  and  when  burnt  out,  drawn  at 
the  bottom  into  the  ash-pit  below  the  fire-bars,  in  which  water  is  kept,  so  that, 
by  the  hot  burnt  ore  dropping  into  it,  and  being  suddenly  chilled,  it  falls  to 
pieces.  The  ore  thus  burnt  is  much  easier  for  reduction  to  powder  by  either 
the  crusher  or  the  stamps ;  indeed,  its  condition  would  be  such  that  the 
crusher  alone  might  be  employed,  without  tlie  aid  of  stamps,  for  reducing 
even  to  the  finest  powder.  From  the  side  of  Ihe  top  of  the  furnace  the  volatile 
product  may  be  led  off  to  the  main  flue,  with  which  the  reverberatory  furnace 
communicates.  The  partially  calcined  ore  having  been  dressed  in  the  usual 
manner  for  witts,  the  final  csdcination  may  be  efi'ected  in  the  reverberatory 
fomace,  as  already  described. 

From  the  "  wrinkle  "  of  the  calcining  furnace,  the  burnt  ore  is  removed 
to  the  burning-house  floors,  where  it  is  subjected  to  a  series  of  washing  pro- 
cesses, much  more  carefully  conducted  tlian  those  cmplo^^ed  in  the  prepara- 
tion of  the  tin  witts.  The  witts  having  been  burned  in  separate  parcels 
according  to  their  size,  as  jigged,  fluran,  smalls  or  "  smales,"  slime,  and 
rough  or  "rows,"  they  are  operated  on  accordingly;  the  jigged  being 
simply  jigged  over  again  in  a  copper  sieve ;  the  fluran  passed  through  the 
buddle  and  tie ;  and  the  smaller  sizes  through  a  very  much  more  compUcated 
process,  consisting  first  of  washing  carefully  in  the  buddle,  whence  it  is  sized 
out  according  to  the  part  of  the  buddle  in  which  it  settles ;  then  of  tossing  or 
**  tozing,"  and  packing  in  a  kieve,  again  washing  on  a  hair-sieve  in  another 
kieve  or  **  dilleugliing,"  so  as  to  tlirow  ofi"  the  light  waste  into  the  water, 
leaving  the  crop  tin  on  the  sieve,  whence  it  is  thrown  into  hand-barrows,  and 
conveyed  to  the  hutches,  where  it  is  stored,  until  sampling  time,  imder  lock. 
If  the  tin  witts  should  have  been  "  corrupted  "  with  a  *'  bad  brood  or  mix- 
ture," such  as  mundic  or  iron  pyrites,  copper  pyrites,  arsenic,  mock  lead, 
or  the  sulphuret  of  molybdenum,  wolfram,  &c.,  the  various  operations 
described,  lead  to  the  production  of  a  great  number  of  temporarily  refuse 
matters,  which  are  treated  over  again  according  to  the  exact  process  indi- 
cated  by  the  examination  of  a  dressing  captain,  who  forms  his  opinion  from 
**  vanning  **  samples  of  the  respective  heaps.  The  vanning  consists  in  taking 
a  small  sample  on  a  large,  tliin,  light  shovel,  known  as  the  vanning  shovel, 
and  with  a  peculiar  motion  scarcely  describable,  washing  it  in  water>  so  a& 
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to  separate  the  waste,  throwing  it  back  by  a  streaming  of  water  towaids  the 
handle  or  back  part  of  the  shovel,  and  leaving  the  snpericMr  tin  stuff  forwtid 
at  the  tip.  The  process  appears,  from  the  dexterity  of  the  mampalator,  to  be 
exceedingly  easy ;  bnt  it  requires  mnch  practice  to  attain  even  moderate 
success  in  thus  effecting  the  separation  of  the  tin  staff.  After  all  has  been 
done  that  can  be  effected  by  the  operations  described,  the  refiise,  known  as 
**  burnt  leavings,"  is  usually  sent  to  tlie  stamps,  to  be  stamped  over  again, 
with  some  siliceous  stones  or  **  craze."  By  stamping,  the  burnt  tin  stuff 
is  crushed  much  finer ;  and  so,  by  washing,  tiie  earthy  matters  are  separated, 
which  before,  by  adhering  to  the  oxide  of  tin,  made  it  too  light  to  tSSow  of 
its  separating  out  by  settling. 

The  month's  sampling  from  each  mine  usually  consists  of  at  least  two  or 
three  different  qualities,  depending  principally  upon  the  extent  to  which  the 
impurities  have  been  separated  by  the  various  dressing  operations.  The 
lowest  quality,  known  as  roughs,  or  rows,  is  of  vwy  inferior  qn^ity,  in 
spite  even  of  treatment  with  acids.  This  is  usually  occasioned  by  the  pre- 
sence of  much  metallic  iron  derived  from  the  tools  in  nndergroond  working, 
and  from  small  fragments  of  the  machineiy  through  which  the  ore  has  passed. 
At  Drake  Walls  Mine,  tliis  qualify  obtained  scarcely  more  than  one-half  of 
the  price  of  the  better  sorts,  although  the  quantity  of  iron  present  was  not 
more  than  about  20  per  cent.  By  the  employment  of  a  boy,  at  a  cost  of  six- 
pence per  day,  to  pick  over  the  ore  with  a  horse-shoe  magnet,  the  weight  of 
the  parcel  is  reduced  by  one-fifth ;  but  its  value  has  been  doubled,  and  this 
sort  has  disappeared  from  the  samplings,  the  clean  ore  being  mixed  away 
with  the  best  quality. 

Until  a  very  recent  period,  the  notion  prcvafled  amongst  tin-dressen 
that  the  metal,  or  '*  white  tin,"  obtainable  from  the  ore  raised  in  mines,  or 
**  mine-tin,"  was  entirely  different  from  the  metal  extracted  from  the  ore  found 
in  stream- works,  or  stream-tin,  and  that  it  was  impossible  to  obtain  "grain- 
tin,"  the  purest  commercial  tin,  from  any  ore  but  the  stream-tin ;  the  mine- 
tin  producing  only  common  tin.  This  was  because  after  the  tin  ore  from 
the  mines  had  been  passed  through  all  the  dressing  processes  before  described, 
in  strictest  accordance  with  the  prescribed  rules  of  tin- dressing,  yet  such  traces 
of  foreign  metallic  matters,  especially  of  copper  and  of  iron,  were  still  left  in 
combination  with  the  black  tin,  that  the  smelting  processes  employed  for  the 
reduction  of  the  metal  would  cause  the  formation  of  alloys  of  tin  with  these 
metals ;  and  such  is  the  effect  of  the  combination  of  only  very  smaH  propor- 
tions of  these  metals,  that  the  quality  of  the  white  tin  could  never  be  brought 
up  equal  to  the  metal  from  the  stream-tin. 

As  the  native  black  oxide  of  tin,  or  "  black  tin,"  is  so  vciy  indifferent 
to  the  action  of  acids,  the  treatment  of  it  chemically  with  acids,  fbr  the  separ- 
ation of  foreign  metallic  oxides,  is  of  peculiar  facility.  With  moderate  care, 
mine-tin  may  be  made  equal  in  quality  for  the  production  of  metal  to  stream- 
tin  ;  and  supposing  no  unfair  interposition  on  the  part  of  the  smelters,  sudi 
as  has  been  from  time  to  time  attempted  on  their  part,  to  prevent  the  intro- 
I    dnction  of  improved  •jfroce^ae^  for  treatment,  considerable  advantage  areat 
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accrue  to  tlie  mine,  from  makiiig  it  a  rule  to  render  the  black  tin  pure  before 
it  is  sold. 

About  1842,  at  Balleswidden  'Mme,  in  Cornwall,  acids  were  first  employed 
by  Duolos  in  the  treatment  of  tin  ores.  In  the  same  year  a  patent  was 
obtained  by  W.  Longmaid  (sealed  October  20th,  1842),  having  for  its  object 
the  utilization  of  the  sulphur  in  all  sulphur  ores,  by  mixing  with  them  com- 
mon salt,  and  roasting  the  mixture,  so  converting  the  sulphur  into  sulphate  of 
soda,  the  copper  iato-ft  chloride.  Both  these  substances  being  soluble  in 
water,  they  are  waAoA.  off,  leaving  the  peroxide  of  iron,  the  oxide  of  tin, 
and  earthy  matters,  from  which  they  could  easily  be  separated  by  washing. 
Where  the  foreign  matters  consist  almost  exclusively  of  oxide  of  iron,  muriatic 
acid  is  employed  with  greatest  advantage,  the  use  of  which  was  patented  long 
after  its  employment  elsewhere,  by  Mitchell,  April  11th,  1843.  Where  the 
tin  stuff,  after  calcination,  still  contains  copper,  sulphuric  add  is  employed 
with  the  greatest  advantage ;  the  sulphate  of  copper  produced  being  washed 
off,  and  the  copper  precipitated  in  the  metaUic  state  wiikirai,  or,  preferably, 
in  the  state  of  oxide  with  soda  ash. 

Where  the  tin  stuff  has  been  found  associated  with  nndi  wolfram,  as  at 
Drake  Walls,  m  consequence  of  its  specific  gravity  being  so  nearly  the  same 
as  that  of  tin  oxide,  wolfram  being  7*1  to  74,  and  tin  oxiie  0*3  to  7'0,  it  was 
found  impossUe,  by  the  ordinary  processes  of  dressing  and  calcining,  to 
separate  them;  and  for  Tory  many  years,  in  consequence,  the  price  paid  by 
the  smelters  for  the  ores  from  Drake  Walls  Mine  was  lower  tlian  that  of 
any  other  mine  in  Cornwall.  Since  the  introduction  of  Oxland's  process 
for  treating  these  ores,  they  have  been  so  improved  in  quality  that  they  are 
now  used  for  the  production  of  grain-tin,  and  fetch  the  highest  price.  The 
pfooess  consists  in  taking  the  ore  dressed  as  perfectly  as  possible  in  the 
ordinary  manner ;  and  having  ascertained  the  proportion  of  wolfram  in  it,  then 
mixing  with  the  ore  such  a  proportion  of  soda  ash  or  crude  soda  as  will  pro- 
vide an  equivalent  of  soda  for  the  tungstic  acid  of  the  wolfram  present.  The 
mixture  is  then  put  into  the  furuace,  and  there  roasted  at  a  low  red*heat, 
until  a  combination  is  effected  between  the  tungstic  acid  and  the  soda.  The 
iron  with  which  the  acid  had  been  previously  in  combination  is  at  the  same 
time  converted  into  a  peroxide,  and  rendered  sufficiently  hght  to  be  washed 
off  with  ificility.  When  the  roasting  is  completed — ^wliich  may  be  known  by 
the  change  of  colour,  and  by  the  mass  assuming  a  slightly  pasty  condition — 
the.charge  is  drawn  through  a  hole  in  the  bed  of  the  furnaoe  into  tlie  arch 
or  **  wrinkle"  beneath.  A  fresh  chaige  is  introduced  throogh  the  hole  in 
the  crown  of  the  teaaoe  from  the  **^Sry;"  s»d  as  soooi  as  the  cbazge  is  spread 
over  the  bed,  the  frrmaoe  is  sh«t,  tiie  fiie  made  up,  and  it  is  left  without 
further  stirring,  until  the  surface  of  the  charge  assumes  Uic  appearance  of 
becoming  moist,  with  a  slight  hissing  or  frizzing  sound.  In  tlie  meantime 
tiie  charge,  while  still  red-hot  in  the  interior,  is  removed  from  the  "  wrinkle" 
and  thrown  into  a  cistern  of  water.  The  water  thus  heated  dissolves  the 
tuBgstate  of  soda ;  the  solution  is  run  off  from  a  hole  in  the  bottom,  provided 
with  a  suitable  filter,  to  prevent  the  running  out  of  the  tin  ore.    Fresh  water 
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u  ogtdn  run  on,  to  waah  off  die  remainder  of  the  solnble  matten ;  and  the 
tin  stuff  ia  then  removed  irom  the  tank  to  the  bnming-honBe  dreSBUig-floorfat 
final  treatment.  The  strong  solution  ia  eraponted  in  iron  pans  to  the  erjtttl 
lizing  point,  when  it  is  dravm  off  into  coolers.    After  a  for  dftjs  a  htrgB  enji 

of  beantifully  crystallized  tiingstate  of  ' 
IS  obUunLd  and  the  mother  liqnoi 
treated  in  a  Bimilar  manner,  for  the  obtain 
ingof  B.  further  quontity  of  crystals  The 
washings  of  tlie  tin  stuff  run  oS  from  the 
tank  are  uaed  instead  of  plain  water  for  the 
luiTialton  I.  f  fresh  cbiuges  from  the  fmnace 


Instead  of  soda  ash,  sulphate  of  soda  may  be  employed,  which  does  net 
coat  half  as  much  aa  the  former ;  but  the  operation  requires  to  be  condneted 
with  care,  such  only  as  would  be  token  by  ordinary  workmen.  nnd«  ths 
direct  active  superrision  of  a  person  nnderstanding  the  nature  of  the  pioeen. 


With  the  tin  atuff  a  quantity  of  crude  sulphate  of  soda  or  saltn^ika  ia  niiied. 
such  aa  will  contain  n  fiill  eqmralent  of  soda  for  the  tungstic  add  present: 
but  it  is  neceaaary  also,  at  the  same  time,  to  mix  wiUi  the  sattcoke  «  quantity 
of  powdered  coal  or  cnlm,  sufficient  for  the  decompoaition  of  the  sulphuric 
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acid,  and  consequent  evolution  of  tho  sulphur.  The  charge  having  been 
well  mixed  in  proper  proportions,  is  thrown  iuto  the  furnace,  the  doors  closed, 
and  the  charge  heated  to  a  dull  red  throughout,  with  a  strong  smoky  or 
reducing  flame,  the  object  being  at  flrst  to  e£fect  the  deoxidation  of  sulphuric 
acid.  It  should  be  well  stirred,  and  tlie  reducing  flame  maintained  until  the 
pyrophoric  appearance  has  ceased.  A  bright  clear  ilame  should  then  be  pro- 
duced, carxying  with  it  much  highly  heated,  but  undccomposod  atmospheric 
air,  constituting  an  oxidating  flame,  as  the  object  now  is  to  cause  the  com- 
bination  of  the  tungstio  acid  of  the  wolfram  with  the  soda,  from  which  the 
sulphur  has  been  sufficiently  detached,  to  allow  the  tungstic  acid  to  complete 
the  decomposition.  A  moderately  clever  furnace  man  will  produce  the  eflect 
desired  with  great  nicety. 

The  furnace  is  of  peculiar  construction,  as  shown  in  Figs.  154  and  155 ; 
it  will  be  seen  that  the  fire  passes  over  a  cast-iron  bed,  provided  with  a  rim 
rising  four  inches  around  tho  sides.  The  bed  is  cast  in  two  equal  parts ; 
this  constmction  was  found  necessary,  as  the  plate,  if  cast  in  one  piece, 
always  oraoked  through  the  middle.  The  bed  is  set  on  the  sides  of  the  fur- 
nace, bat  with  a  diagonal  line  of  brick-work  running  underneath  from  the 
back  nearly  to  the  front,  forming  a  flue,  through  which  the  flame  and  smoke 
circulate,  instead  of,  as  in  ordinary  reverberatoiy  furnaces,  passing  directly 
away  to  the  main  floe  of  the  chimney;  thus  a  great  economy  of  fuel  is 
effected,  without,  as  might  have  been  expected,  great  cost  for  the  maintenance 
of  condition  of  the  iron  bed.  Although  in  the  intervals  of  the  employment 
of  the  furnace  for  carrying  on  the  wolfram  process,  it  is  employed  for  cal- 
cining the  sulphurous  and  arsenical  witts ;  yet  one  of  these  beds  has  been 
maintained  in  working  condition,  without  requiring  renewal,  for  nearly  three 
years.  Iron  was  chosen  as  the  material  for  tho  bed  of  the  furnace,  not 
merely  on  account  of  the  economy  of  fuel  involved,  but  principally  because 
the  ordinary  fire-brick  is  entirely  nnsuited  for  the  successful  prosecution  of 
the  process.  SiUca  and  tin  have  a  great  affinity  for  each  other ;  and  this  is 
Tery  materially  promoted  by  the  intervention  of  any  alkaline  matter,  so  that 
with  fire-brick  much  soda-silicate  of  tin  would  have  been  produced  at  the 
expense  of  leaving  much  of  the  tungstates  still  unacted  on.  This  process 
has  now  been  at  work  siuce  1850  continuously,  in  Drake  Walls  Mine,  with 
considerable  pecuniary  advantage  to  the  adventurers. 

Since  the  invention  of  this  process,  a  plan  has  been  introduced  by  Toung 
of  Manchester  for  the  production  of  stannate  of  soda  for  dyeing  purposes, 
by  the  calcination  of  a  mixture  of  soda  and  of  the  smalls  or  shme  of  tin 
oxide. 

The  dressing  of  the  tin  ore  having  been  completed,  towards  the  end  of  the 
month's  working,  samples  are  taken  of  tho  ores  in  their  various  conditions, 
and  these  are  sent  to  the  various  smelting  establishments  in  different  parts 
of  Cornwall. 

After  these  have  been  assayed  by  the  smelters,  they  send  offers  of  prices 
according  to  their  value,  having  such  a  relation  to  the  price  of  the  metal  ob- 
tainable as  they  are  pleased  to  give,  but  not  such  as  they  are  really  worth. 
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ney  is  usnoUj  40  to  &0  feet  in  height  The  ores,  as  rendered  to  the  smdt«, 
vary  m  qnahty  from  12  to  IfimSO  for  white  ton  or  from  00  to  75  per  oral; 
but  the  assays  are  always  spoken  of  m  the  proportions  of  20  For  the  oidiimy 
sue  fnmace.  the  change 
consists  of  30  to  S6  evt. 
of  block  tin,  mized  with 
12  to  18  per  c«ttL  of  pow- 
dered enlm  or  •nthtaeitB, 
and  a  small  qcanti^  td 
alaked  lime  or  fl&or.qai. 
Tsned  ttcooiding  to  & 
proportion  of  ailiea  con- 
tained in  fhe  ore.  The 
matenals  are  damped, 
well  mixed,  and  thrown 
into  the  fiunace  throng 
the  doOT  B,  wliich  is  in- 
meduttely  closed,  and  the 
"*-  "^-  firemaintainedaastton^ 

S:s  possible  for  six  to  eight  hours, or  nntil  Che  whole  msssis  fused-  Tlechaige 
is  then  well  mixed  np,  to  ensure  (he  complete  fiiaion  of  anjoterHnainingim- 
redTiced.  Xlie  doors  are  agam  closed  for  a  short  time,  to  recover  the  heat  of  Oe 
famace,(ind  to  complete  tlie  fusion  of  the  charge.  It  iB  again  (^ened,  and  tbi 
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diarge  ymaked  off,  by  first,  through  the  door  D,  raking  off  the  top  scoria,  which 
has  been  chilled  by  throwing  a  small  quantity  of  damp  small  coal  over  the 
BoiSauce  of  the  charge.  About  three-fourths  of  the  whole  of  the  scoria  is  raked 
off,  and  kept  separate  from  the  remainder,  as  being  fit  only  to  be  thrown 
away ;  a  portion  of  the  remainder  is  removed,  and  sst  aside  for  stamping 
over  again,  to  separate  the  *' prills"  of  metal  diffused  through  the  slag;  the 
last  portion  removed  from  the  surface  of  the  clean  tin  is  reserved  for  melting 
over  again.  The  metal  itself  is  run  out  into  the  cast-iron  pans  G,  through 
the  hole  D,  by  clearing  out  the  stopper  of  fire  clay  with  which  the  mouth  of 
G  was  closed.  Here  it  is  allowed  to  stand  for  some  time,  until  the  scoria  in 
the  body  of  the  metal  has  risen  to  the  surface.  After  skimming,  the  metal 
is  ladled  out  into  cast-iron  moulds,  which  contain  about  three  cwt.  each. 
One  day  a  week  is  usually  devoted  to  the  refining  of  the  crude  metal  obtained 
in  this  first  process.  From  the  following  analyses  by  Berthier  of  crude  tins, 
it  will  be  seen  what  has  to  be  accomplished  by  the  refining  operation,  or  by 
the  treatment  of  the  product  of  the  first  process. 
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The  refining  operation  involves  two  processes :  the  first,  a  liquation;  the 
seoond,  a  boiling  or  tossing  of  the  metal. 

The  same  reverberatory  furnace  may  be  emj^oyed  for  the  liquation,  as  for 
the  reducing  operation.  The  furnace  is  charged  with  blocks  of  the  crude 
metal  piled  up  hollow,  so  as  to  allow  of  the  flame  passing  through  the  pile : 
a  moderate  heat  being  employed,  the  tin  is  sweated  out;  and  as  it  flows 
down,  it  is  allowed  to  run  out  into  one  of  the  pans  G,  which  has  been  heated 
by  a  fire  beneath,  in  readiness  to  receive  it.  The  mass  gradually  crumbles 
down ;  and  as  room  is  made,  more  blocks  are  put  into  the  furnace,  until  about 
five  to  six  tons  have  been  accumulated  in  the  pan.  The  crumbled  mass  of 
resftdnazy  matters  left  in  the  furnace  is  either  at  once  removed  from  the 
fomaoe ;  or,  by  raising  the  heat  of  the  furnace,  it  is  fused  and  run  into  the 
a^jaoenfei^,  to  be  removed  for  fieesh  treatment  with  the  prills  from  the 
stamped  acozia,  and  the  last  wkimmingB  of  the  metal  in  the  original  reducing 
process.  The  constitution  of  this  alloy  is  shown  in  the  foregoing  table  under 
Column  5 ;  it  contains  about  two  atoms  of  tin  for  one  atom  of  iron.  Column 
2  shows  the  constitution  of  the  last  product  of  the  liquation,  which  is 
obtained  by  an  increase  of  heat;  it  is  grayish-white,  very  hard ;  capable  of 
being  laminated ;  slightly  flexible ;  very  magnetic.  Column  8  is  the  product 
of  the  fusion  of  the  scoria  obtained  in  the  reducing  operation :  it  is  also  very 
magnetic.  Column  4  is  the  alloy  obtained  by  the  fusion  in  the  blast  furnace 
of  the  infusible  residue  of  the  liquation  in  the  reverberatory  furnace.  On 
xeferring  to  Column  2,  it  will  be  seen  that  nearly  all  the  lead  contained  in  the 
crude  metal  sulgeeted  to  liqnation  is  retained  in  the  mass  until  after  most  of 
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The  eliqoated  metal  having  bt 
on  pan,  the  process  of  reBoing  . 
of  the  metal,  the  bunjle  of  billets 
shown  monnted  in  the  cnme,  bj 

\   Aunnoe,  over  the  pan  in  Fig.  1  Ht 

I  and  gasei  evolved  from  the  wood 
lent  eboUition,  and  the  prodnctjo 
■enm,  oontaining  oxide  of  tin,  wh 
skimmed  off,  and  set  oaide  for  fi 
treatment,  with  the  scoria  pro- 

j  dnoed  in  the  first  operations. 
Instead  of  boiling  with  green 
wood,  the  same  effect  is  some- 
times pTodnoed  by  tossing  or  -■ 
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The  three  different  sorts  are  kept  separate,  their  qualitj  being  ascar- 
taiood  bj  taking  a  small  ladleful,  stirring  and  Bkimming  it  nntil  enffidently 
cold,  amd  then  pouring  it  into  a  stone  ingot-moold,  watching  the  appearance 
of  the  metal  as  it  coola.  If  snfficientlj  pnre  to  class  as  grain-tin,  it  will 
remain  bright  and  dear,  iull,  and  wall  rounded  on  the  sides,  until  quite  cold; 
if  onlj  sufficiently  good  to  class  as  conunon  tin,  it  will  remain  bright,  bat 
not  so  full  and  well  roanded  on  the  sides ;  and],  at  the  instant  of  becoming 
solid,  from  the  middle  of  the  ingot  a  frosted  orfstalline  appearance  shoots 
out  to  the  sides.  In  the  third  quality,  the  colour  becomes  slightly  yellowish, 
and  the  appearance  of  the  frosted  ciystalUne  markings  takes  place  sooner, 
and  completely  covers  the  whole  of  the  surface.  Examining  the  ingots 
when  qnita  cold,  by  bending  them,  the  remarkable  crackling  sound  character- 
is^c  of  tin  is  much  greater  iu  proportion  as  it  is  purer. 

The  tvo  £ist  quohtiea  are  reserved  for  the  market ;  the  third  is  agfun 
subjected  to  liquation.  The  best  gruntin  is  quite  pure ;  but  the  composition 
of  the  other  three  quatities  is  shown  in  the  annexed  analyses  by  Berlhier : — 
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F<ainerly,  in  ComwaU,  where  nearly  all  the  tin-amdting  is  carried  on, 
the  ores  were  smelted  in  blast-furnaces — and  hence 
the  smoltiug  establishments  were  known  as  blowing 
houses  :  nt  present,  reTerberatory  furnaces  only  are 
employed  :  tmt  in  Qermnny,  at  Altenbeig,  the  blast- 
furnace is  still  employed,  as  shown  in  Figs.  1S9  and 
IGO,  wliicli  are  a  vertical  section  and  plan  of  the 
furnace,  nitli  the  bellows  employed  for  producing 
the  blast.    A  is  the  plan  of  the  large  foniace  employed 
for  the  fusion  of  the  raw  ore,  being  about  fourteen 
feet  high,  constructed  in  the  body,  J  J,  of  coarse- 
grained [>orphyritic  syenite.    The  laboratory,  or 
crucible  of  the  furnace,  F,  is  built  of 
a  very  refractory  fire-brick;  it  is  of  an 
oval  form,  and  the  lower  portion  of 
^.    j^  it  is  lined  with  a  very  stiff  brasque  of 

charcoal  and  fire-clay,  tightly  rammed 
down.  From  the  bottom  of  the  flimace  a  channel,  shown  in  the  eleva- 
tion, condncta  the  fused  charge  into  the  iron  basin,  I,  bota  which  the  scoria 
is  let  off  from  the  side  down  the  inclined  plane,  O,  into  the  small  reservoir 
of  water,  H ;  and  the  metal  beneath  is  let  out  by  the  channel,  K,  into  the 
receiver,  L,  which  is  of  a  rectangular  form,  about  eighteen  inches  square 
and  two  feet  deep.   The  Urge  ftmuoe  Btands  under  a  dome,  or  cupola,  shown 
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bj  the  dotted  line  around  the  funuuH ;  it  is  twenty  feet  long,  twelve  viix, 
and  Bixtocn  high,  above  the  top  of  tlie  furaftoe.  It  is  so  constmcted  M  la 
catoh  the  light  powder  of  the  ore  driven  off  by  the  blast,  bo  ax  to  prarait  ita 
waste.    The  blast  is  produced  by  the  bellows,  D  D,  driven  by  the  cog-wheel 


on  the  sliiift,  C,  which  is  moved  by  a  wfttcr-whecL  The  fitrnftee  ia 
tlirotigh  B.  door  on  tlie  left  side,  about  tlirec  feet  itbove  the  hearth  of  the  fm' 
nttce.  The  small  furnace,  B,  is  about  five  foot  hi^-  It  ia  conBteaded  is 
the  some  manner  as  the  high  fiiniaec,  bnt  is  nsed  oa^  ior  tlia  fiiaan  of  the 
scoria  arising  ftoto  the  opamttDns  iii  tlic  In:^  fnmBce. 

The  fiimnccs  are  slowly  dried  bofore  they  are  used.  ^Vhca  the  Utgt 
ftmiace  is  first  set  to  work,  it  ia  charged  with  ecorin  and  fuel ;  the  blast  is  srt 
on  moderately  at  first,  so  as  to  reduce  the  most  fiisible  porliou  of  the  scon*- 
before  the  remainder  is  brought  into  rnsion  ;  afterwards  the  heat  is  incretstd 
until  the  furnace  is  brought  into  fit  condition  for  regularly  working  off  llx 
rBwore,w!uch  is  then  charged;  and  at  t})e  end  of  four  honrs  the  metal  begin 
to  TDBite  its  appearance.  As  tlie  scoria  appean  on  the  eutface  of  the  bssi 
in  the  bottom  of  the  furnace,  it  is  skimmed  off;  until  at  the  end  of  •Ixn' 
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twantf  to  twen^  four  hours,  the  basin  is  full  of  metal,  when  the  hole  is 
opened,  and  the  metal  run  out  into  the  front  basin.  From  time  to  time, 
aocoiding  to  the  appearance  of  the  fiimaoe,  especially  having  regard  to  the 
condition  of  the  tuyeres  of  scoria  formed  in  front  of  the  nozzles  of  the 
bellowB,  fresh  charges  of  ore  are  added  in  varying  quantities. 

Althon^  the  metal  produced  from  the  blast  furnace  is  usually  better  than 
that  obtained  from  the  reverberatory  furnace,  yet  the  expense  of  fuel  and 
the  loss  of  ore  are  so  much  greater  than  with  the  latter,  that  the  use  of  the 
blast  furnace  is  nearly  abandoned.  With  the  reverberatory  furnace,  for  one 
ton  of  tin  produced,  tiie  consumption  of  fuel  amounts  to  If  tons,  with  a  loss 
of  five  per  cent,  of  metal.  With  the  blast  furnace  the  fuel  consumed  amounts 
to  about  three  tons  of  coals,  with  a  loss  of  metal  equal  to  fifteen  per  cent. 

From  the  smelting-house  the  metal  is  sent  to  market,  in  the  form  of 
blocks  of  three  himdredweights,  one  hundredweight,  or  half  a  hundredweight 
each ;  or  in  strips,  cast  in  moulds  of  white  marble,  about  two  feet  long,  one 
inch  wide,  and  half  an  inch  thick ;  or  it  is  rendered  in  the  form  known  as 
"  grain-tin,"  which  is  made  by  heating  a  block  to  as  high  a  temperature  as 
poesible,  without  melting.  On  letting  the  block  so  heated  fall  frt>m  a  con- 
siderable height,  or  by  striking  it  with  a  heavy  hammer,  it  is  shivered  into 
fragments,  presenting  the  appearance  of  long  crystalline  fibrous  masses, 
entangled  in  each  other,  in  forms  scarcely  desbribable. 

The  metal  is  largely  employed  in  the  manufacture  of  various  alloys ;  those 
of  tin  with  copper  have  already  been  noticed  under ' '  Copper."  For  the  manu- 
future  of  solders  it  is  much  used  in  the  following  proportions : — 

Tin.  Lead. 

Plumber's  solder    .        .        .        1  .  .        1 

Tinman's  solder     .        .        .        1  .  .        2 

Pewterer's  solder  .        .        .        2  .  .        1 

It  is  not  much  used  in  the  pure  metallic  form,  but  almost  exclusively  as  a 
tin-foil,  for  covering  bodies  to  protect  them  more  effectually  from  moisture 
than  paper  will  do ;  or  for  the  making  of  the  amalgam  which  is  used  in  the 
manufacture  of  looking-glasses.  Perhaps  the  most  extensive  use  of  the  metal 
is  for  making  tin-plate,  which  is  not,  as  is  commonly  supposed,  a  plate  of  tin, 
but  a  plate  of  sheet-iron,  the  surfaces  of  which  are  covered  with  an  alloy  of 
iron  with  tin.  Two  different  sorts  of  sheet  iron  are  used  for  the  manufacture 
of  the  plates — "  coke  "  and  "  charcoal "  iron ;  so  called,  according  as  the  one 
or  the  other  fuel  is  employed  in  the  manufacture  of  the  sheet-iron.  Althou^ 
much  manual  dexterity  is  necessary  for  the  making  of  tin-plates,  yet  the  pro* 
cess  itself  is  simple.  The  plates  of  iron,  cut  by  machinery  to  the  proper  size, 
are  pickled ;  that  is,  laid  in  dilute  sulphuric  acid  for  a  sufficient  time  to  clear 
the  scale  of  oxide  from  the  surfaces  of  the  sheets.  They  are  carefully  washed 
clean,  and  kept  in  store  until  wanted,  under  pure  water.  The  plates,  dried  by 
rubbing  them  over  with  warm  bran,  are  put  into  a  bath  of  melted  tin,  covered 
with  tallow.  They  are  kept  in  this  bath  about  an  hour  and  a  half,  are 
removed,  and  dipped  one  by  one  into  another  bath  of  purer  tin  for  a  moment ; 
itey  are  passed  on,  to  be  dipped  into  a  bath  of  tallow ;  thence  they  are 
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TemoTed  to  B  iHck  and  are  set  on  edge  until  sufficientlf  cool  for  handling;  . 
and.  fiDOlly,  the  wire  formed  at  the  lower  edge  by  the  metal  numisg  doni  j 
over  the  surface,  ia  removed  bj  dipping  the  edge  of  the  sheet  iuto  uietfaei  < 
Lath  of  metal,  only  a  quarter  of  an  inch  deep.  When  the  wire  ia  mellfti,  I 
the  snperlliious  metnl  is  removed  by  a.  ahaip  blow  on  the  edge  with  a  iiglit  | 
Btick.  The  tallow  is  then  removed  by  cleaning  with  bran,  and  the  plate  ii 
rendered  fit  for  the  umrbot.  Very  large  qaantilies  of  tin  plate  ar«  used  Ix 
the  manufacture  of  domestic  utensils,  and  in  America  for  covering  the  toofi  . 
of  bouses. 

Iron,  either  wrought  or  cast,  may  be  easily  tinned  by  first  bri^temog  it. 
either  by  filing  or  by  laying  it  in  sulphuric  ncid,  waaliing  it  clean,  then  dipping 
it  into  a  solution  of  "  butter  of  zinc,"  or  zinc  dissolved  in  muriatic  add, 
drying  the  iron  so  dipped  without  wiping,  and  then  dipping  the  iron  for  a  feir 
moments,  or  until  it  has  reached  the  eame  temperature,  into  a  bath  of  tin 
Iron  so  tinned  can  be  jointed  to  olJicr  soft  metals  with  common  tin  solder. 

Much  of  the  gr^n-tin  is  uEed  for  the  manufacture  of  dyers'  mordanta. 
known  as  "  tin  liquors,"  wliich  are  prepared  in  o  variety  of  wajs,  aiioonliiig 
to  the  purposes  for  which  tliey  are  required.  They  are,  however,  prindpally 
solutions  of  tin  in  muriatic  acid,  or  nitro-muriatic  acid,  or  of  muriates  n 
nitro-muriates  in  ammonia. 

The  quantity  of  liu  ore  raised  in  Cornwall  in  1855,  from  129  minea, 
amounted  to  841Q  tons ;  value,  £511.(113.  In  Devonshire,  ^m  l-l  mines, 
181  tons:  value,  £10.871.  lu  the  same  year,  the  importations  of  meti 
tin  into  the  United  Kingdom  amounted  to  161  i  tons,  and  the  exporlntioii 
1338  tons;  value,  4153,02^. 
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CHAPTER  XXIX. 


ZINC,  ITS  ALLOTS  AND  8TN0NTMEB. 

Synonymes :  Zincnin ;  Zinc,  Fr. ;  Zink,  Oer. ;  Spelter,  Conterfey. — Frisch, 
a  German  writer,  says  that  it  was  first  called  zink,  zinetum,  or  zincnin, 
because  the  fumace-calamine  assumes  the  figure  of  zinken  or  zachen,  nails 
or  spikes.  This  metal  was  unknown  to  the  ancients ;  and  although  partially 
described  by  the  alchemist  Albertus  Magnus,  in  the  thirteenth  century,  and 
mentioned  by  Grignon  as  having  been  found  in  the  ruins  of  an  ancient 
Roman  city  in  Champagne,  we  have  no  distinct  mention  of  the  metal  until 
Paracelsus,  in  the  sixteenth  century,  first  used  its  name,  and  gave  a  precise 
description  of  it  Henkel,  in  1 741,  gave  an  account  of  his  success  in  obtain- 
ing the  metal  from  calamine,  by  the  addition  of  a  carbonaceous  material ; 
and  he  is,  no  doubt,  the  first  who  procured  the  metal  from  calamine,  at  least 
in  Europe.  Dr.  Isaac  Lawson,  of  Scotland,  first  introduced  the  manufac- 
ture of  zinc  on  the  large  scale  into  Great  Britain.  Zinc  works  were  estab- 
lished at  Bristol  by  Champion  in  1743.  At  a  remote  period,  the  ores  of  zinc, 
known  as  cadmia  and  tutia,  were  used  with  copper  in  the  manufacture  of 
brass. 

The  metal  was  first  introduced  into  Europe  from  the  East  Indies,  under 
the  names  of  speltrum,  speauter,  Indian  tin.  The  present  process  employed 
in  England  for  the  smelting  of  the  metal, ^^  descensum,  appears  to  have  been 
introduced  from  China  about  the  year  1740.  In  Beckman's  *'  Histoiy  of 
Xnyentions,"  and  Watson's  "  Chemical  Essays,"  are  to  be  foimd  interesting 
historical  memoirs  of  the  discovery  and  introduction  of  this  metal.  From 
the  former  of  these  writers,  we  select  a  few  extracts  illustrating  the  discovery 
of  this  metaL 

That  the  mixture  of  zinc  and  copper,  known  as  brass,  pinchbeck,  prince's 
metal,  &c.,  was  known  to  the  ancients,  is  beyond  dispute.  Mines  containing 
the  ores  from  which  this  yellow  metal  was  produced,  were  held  in  high 
estimation,  and  much  regretted  when  exhausted.  In  the  course  of  time  it 
was  remarked  that  an  ore,  which  must  have  been  calamine,  when  added  to 
copper  while  melting,  gave  it  a  yellow  colour.  This  ore  was  therefore  used, 
thongh  it  was  not  known  what  metal  it  contained,  in  the  same  manner  as 
oxide  of  cobalt  was  employed  in  colouring  glass.  When,  in  course  of  time, 
more  calamine  was  discovered,  the  ancient  method  of  procuring  brass  from 
copper-ore  containing  zinc  was  abandoned;  and  it  was  found  more  con- 
venient first  to  extract  from  it  pure  copper,  and  then  to  convert  it  into  brass 
by  the  addition  of  calamine. 

The  ore  known  to  the  ancients  as  cadmia,  was  what  the  Grerman*8  call 
ofmhrueh,  and  which  is  with  us  called  fumace-calamine,  or  what  in  melting 
ore  containing  zinc,  or  in  making  brass,  feXia  to  the  bottom  of  the  furnace. 


502  TENSILE   8TRSN0TH  OF  ZINO  WIBX. 

» 


For  many  centuries  the  fnmace-calamine  was  thrown  aside  as  useless ;  tQlit 
length,  in  the  middle  of  the  sixteenth  century,  Erasmus  Ebenir  first  showed 
that  it  might  be  used  instead  of  native  calamine  for  making  brass.  This 
discovery  induced  the  managers  of  the  brass-works  in  the  Hartz  Forest  to 
pick  up  carefully  that  which  had  previously  been  thrown  aside  as  waste. 

This  metal  is  of  a  bluish-white  colour,  sufficiently  hard  to  bear  tf  xxtlish. 
Its  specific  gravity  is  0*8  to  7'2.  It  fuses  at  a  low  red-heat,  and  volatilizes  it 
a  white-heat,  and  distils  over  in  close  vessels ;  but  in  the  open  air,  at  a  bright 
red,  it  takes  fire,  and  bums  away  rapidly,  with  the  production  of  dense  fvmes 
of  white  oxide  of  zinc,  known  as  "  philosopher  s  wooL"  Veiy  fine  tonmigB 
of  the  metal  placed  in  an  open  wire-work  basket,  freely  exposing  it  to  the 
atmosphere,  will  take  fire,  and  bum  with  great  vivacity,  giving  out  an  intense 
light,  if  only  set  fire  to  with  a  lighted  match.  If  llie  metal  be  cast  into  a 
thick  cake,  and  allowed  to  cool  very  slowly,  on  breaking  it  the  fracture  will 
present  a  highly  crystalline  appearance.  It  is  malleable  in  the  cold,  but 
brittle.  Its  greatest  ductility  and  malleability  are  developed  at  temperatures 
between  21 2°  and  220"*  Fah.  Above  these  temperatures  the  metal  becomes  so 
very  brittle  that  it  can  be  reduced  to  powder.  As  it  will  not  bear  violent 
lAunmcring  when  cold,  so  as  to  reduce  it  into  thin  sheets,  it  was  not  until  a 
comparatively  recent  period,  when  its  maximum  ductility  at  the  temperatures 
referred  to  was  discovered,  that  the  metal  was  used  in  the  form  of  sheets  or 
foils.  By  using  a  boiling  solution  of  salt  and  water,  the  lamination  of  the 
metal  can  now  be  effected  with  ease ;  and  its  consumption  has  consequentir 
very  much  increased.  Drawn  into  a  wire  one-twelfth  of  an  inch  in  diameter, 
it  will  support  twenty-five  pounds  weight  without  breaking.  It  has  a  great 
affinity  for  oxygen.  In  a  dry  atmosphere,  at  ordinary  temperatures,  it  re- 
mains unchanged ;  but  in  a  moist  atmosphere  it  rapidly  tarnishes,  and  becomes 
covered  with  a  very  thin  coating  of  white  oxide.  It  decomposes  water  at  a 
red-heat :  it  is  very  soluble  in  acids.  In  sulphuric  acid,  or  oil  of  vitriol,  it 
dissolves  with  the  evolution  of  sulphurous  acid;  but  in  dilute  sulphuiie 
acid,  as  well  as  in  muriatic  acid,  it  dissolves  with  the  evolution  of  hydrogen. 
The  rapidity  of  solution  is  in  the  inverse  ratio  of  its  purity.  Pore  zinc  re- 
quires eight  days  for  its  solution  in  the  same  quantity  and  same  strength  of 
acid  in  which  the  zinc  of  commerce  is  dissolved  in  an  hour. 

De  la  Hive  has  shown,  by  direct  experiment,  that  zinc  mixed  with 
other  metals,  in  the  proportion  of  nine  of  the  former  to  one  of  the  latter,  by 
solution  in  dilute  sulphuric  acid,  produces  the  quantities  of  gas  in  a  given 
time  indicated  in  the  following  table  : — 

Zinc  of  commerce,  and  alloys  of  zinc,  with  iron  in  proportions  as 

small  as  yS?  of  iron 100 

Alloys  of  zinc  and  copper 43 

Do.  of  zinc  and  lead 15 

Do.  of  zinc  and  tin 12 

Distilled  zinc 6 

A  rapid  disengagement  of  gas  may  also  be  produced  by  surrounding  the 
,    zinc  with  a  spiral  of  platina  wire.    The  best  proportions  of  acid  and  water 
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appear  to  be  not  less  than  one  of  acid  to  three  of  water,  and  not  more  than 
one  of  acid  to  two  of  water.  The  zinc  of  commerce  is  never  pure ;  it  always 
contains  traces  of  iron,  carbon,  arsenic,  copper,  lead,  and  cadmium.  Zinc 
containing  arsenic,  on  solution  in  either  muriatic  or  sulphuric  acid,  eyolves 
arscniuretted  hydrogen.  It  may  be  purified  by  redistillation.  It  is  also 
rapidly  oxidized  by  the  action  of  caustic  potash  and  soda  in  water,  entering 
as  an  acid  into  combination  with  these  bases,  forming  soluble  zincates  of 
potash  and  soda.  If  metallic  iron  be  present,  and  in  contact  with  the  zinc 
in  the  alkaline  solution,  hydrogen  is  given  off  as  the  salt  is  formed.  The 
solution  by  evaporation  is  converted  into  a  bright  solid  form,  which  is  very 
deliquescent  in  the  open  air. 

Zinc  is  never  found  native  in  the  metallic  state,  but  mineralized  prin- 
cipally with  oxygen,  carbonic  acid,  sulphur,  and  silicic  acid.  The  red  oxide 
of  zinc,  brucite,  or  spartalite,  is  found  in  considerable  quantities  at  Sparta, 
New  Jersey,  United  States.  It  is  of  a  blood-red  colour,  opaque,  hard,  and 
brittle.  Its  fracture  is  shining,  lamellar,  slightly  conchoidal,  and  thin  frag- 
ments are  translucent.  Specific  gravity,  5'43.  By  exposure  to  the  air,  the 
snrfiice  becomes  white,  from  the  formation  of  a  carbonate.  Its  composition, 
according  to  Berthier,  is — 

Oxide  of  zinc 8800 

Oxide  of  manganese 1200 

10000 
A  large  mass  of  this  mineral  was  exhibited  by  the  New  Jersey  Mining  Com- 
pany in  the  Great  Exhibition  of  1851. 

Carbonate  of  Zinc,  Calamine,  Zinc-spar,  Ehombohedral  Zinc  Baryte,  or 
Smithtonite,  is  found  in  the  Mendip  Hills,  Somersetshire ;  Derbyshire,  Cum- 
berland; Leadhills  and  Wanlock-head,  Scotland;  Aix-la-ChapcUe,  Siberia, 
Hungary,  Silesia,  Brillon  in  Westphalia ;  Jefferson  county,  Missouri,  U.S. ; 
Mexico,  and  China.  This  mineral  is  quarried  in  very  large  quantities  at 
Vieille  Montague,  between  lAege  and  Aix-la-Chapelle.  It  is  found  either 
white,  yellowish-gray,  or  brown;  mostly  opaque,  but  occasionally  translucent. 
It  is  of  a  granular  texture;  vitreous,  pearly  lustre ;  its  fracture  smootli,  or 
imperfectly  conchoidal.  Specific  gravity,  42  to  4*5.  It  is  rarely  found 
crystallized,  but  mostly  in  stalactitic  cellular  or  botryoidal  masses,  or  in 
radiated  and  lamellar  concretions.  .  It  does  not  contain  water.  Its  composi- 
tion varies  according  to  the  localities  whence  it  is  obteined.  The  followiDg 
analyses,  given  by  Berthier,  will  show  this : — 


Oxide  of  zinc  .  .  . 
Protoxide  of  iron  .  . 
Protoxide  of  manganese 
Carbonic  acid  and  water 
Earthy  matters  .  .  . 
Peroxide  of  iron  .  . 
Oxide  of  lead     .    .    . 
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It  is  soluble  in  tniuiDtic  a^idiWith  the  eTxJnliou  of  csibooic  acid  gas ;  dsoiniB- 
monia.aiKl  more  rapidly  in  Bolution  of  caTbonate  of  uumoium  slightlfliMUd. 
Th^  SiliciiU  of  Zinc,  Eltetrie  Calaminf,  SilUvoui  Oxide  of  Ziiu,  Gatan. 
Priimalie  Ziae  BaryU,  WUlfmiU. — This  miDetal  is  found  in  liu-ge  qnantiliH  in 
the  Baate  localidea  as  llie  est^nale.  It  omutb  maaeive,  botiycudal.  mUoIbi. 
stolactilic,  BtsU^mitic,  bat  larelj  ctyBtallized,  of  a  granular,  fifarotis,  ud 
lamellar  etnietafe.  ^Vhen  heated,  it  bef omee  stronglj  electric ;  nbtn  pun 
itiscoIourlesB;  bnt  iamostlyfotuidof  aUuisli^vliileor  jellowgnj.  Wto 
cijvtallized  il  !■  transparent  or  tnaslucei^  Its  fractoie  is  oonptct « 
ndiated.  of  a  vitrei>ns  tuslre.  Its  Kperific  gravity  is  3379  to  S-ISi  II 
gelatijuEes  by  solution  in  aciils,  in  consenuciico  <if  tLe  (irefience  of  silica  It 
is  not  reducible  alone  vritli  cliarcool,  bvit  requires  an  earthy  body  or  an 
alloli  to  detAch  the  silien  from  tlie  ziiic  oxitle,  '\Vhen  jiure.  it  is  a  bydnWd 
silicate  of  zinc,  composed  of  two  fttoms  of  Bilicote  of  zinc  and  one  atom  of 
wat«r.     Bertliier'E  annlyses  «f  tliree  difTetent  Eomplea  are  as  follow : — 


Orideof«u>c     .    .    . 
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Oiide  of  copper      .    . 

■soo 

OiWirfiraa      .     .     . 

3-0OO 

OMdooftin  .... 

■soo 

Carbonalo  of  zinc   .     . 

1100 

89-000 

100000 

100-000 

100-000 

The  silicate  of  zinc  is  also  met  wiili,  occEisionally  io  large  mosses,  in  Hi* 
I    anhrdrons  stutc :  it  is  known  ns  'Williamsite.     It  is  fouDd  in  Switzeriand.  in 
the  some  localities  as  the  calouiinea,  and  associated  with  them ;  its  cocstitu- 
;    tion  being  the  some,  ciiccpting  the  water. 

Suli^Jiuret  ofZincBlfHil,;  Bhichjaek. — Tliis  is  a  mineral  of  zino.Trhicb, as 
some  of  the  principal  eourcee  of  calamine  are  becoming  exliansted.  is  increa;!- 
ing  in  importuBce  as  nn  ore  of  this  metal.  It  is  found  is  lai^  quantiliea 
in  the  Isic  of  Mnn,  Cumberland.  Derbyshire,  Cornwall,  tio  Horte,  Hnngwr, 
Transylvania,  Saxony,  Bobctiiia,  Sweden,  and  in  the  United  States.  Tli« 
produce  of  the  British  mines  for  (lie  year  1855,  amounted  to  about  10,OlJo  tons. 
:  It  is  rery  eelilont  found  in  ki-ge  quantities  alone  :  but  is  more  oommoclT 
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I  with  the  sulphur  ores  of  lead,  or  witli  iron  or  copper  pjntcB. 
Small  quantities  of  cadmium  are  commonly  associated  with  blende.  It  is 
foosd  in  crystals  of  tlie  dodecahedral  form,  massive,  crystalline;  brilliant, 
glassy,  or  resinons  Instre,  and  texture  rarely  granular;  tranapaient.  light 
yellow-green,  red-brown,  or  black,  and  opaqne.  Specific  gravity,  3015  to 
4107.  It  is  phosphorescent  with  heat  and  friction,  and  decrepitates  when 
beated.  It  is  soluble  in  nitric  acid,  but  very  shghtly  so ;  in  inurialie  acid 
its  solubility  is  promoted  by  the  presence  of  iron  in  coinlii nation. 

It  is  very  difficult  to  produce  the  sulphuret  of  zinc  artiiiciallj,  on  aoconnt 
of  the  indifference  of  the  metal  to  sulphur;  yet  it  is  dilhcult  by  simple 
roasting  to  decompose  the  blende,  which  requires  nearly  a  white  beat  to 
cause  the  evolution  of  the  sulphur  as  sulphurous  acid,  leaving  the  7 
an  oxida.  The  compositioQ  of  four  varieties  is  ehowu  in  tlie  following 
analyses; — 

Ba^frci  dc  Suchon.        EngUnd.  rrzibrom. 

Sulphur.     .     32'S30        .     .        33'GOO 


Cadmium 
Oanguo  . 


0-740 


Gl'fii 


1-500 
4000 
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FroDst  has  given  the  analysis  of  a 
blende  containing  only  1 5  per  cent,  of  huI- 
phnr.    In  some,  gold  is  said  to  be  present. 

As  the  ores  of  zinc  ore  most  commonly 
raised  with  other  ores,  the  method  of  mining 
and  of  preparing  for  the  sm  el  ting-house  does 
not  require  a  separate  notice.  Calamine  is 
prepared  for  smelting  by  calcination  in  a 
sort  of  lime-ldln,  or  in  a  furnace  resem- 
bling on  iron  cupola  furnace,  assisted  with 
a  moderate  blast,  as  shown  in  Fig.  101  of 
a  Schaftofen.  The  ore,  mixed  with  coal  or 
coke,  ia  thrown  into  the  month  of  the  ftir* 
nace  A ;  and  as  the  caldned  ore  is  drawn 
&om  the  furnace  at  E,  it  gradnally  finds  its 
way  down  into  the  hotter  parts  of  the  fur- 
nace, B  and  G,  until  at  D  it  meets  with  the 
full  force  of  the  blast  firom  the  tuyeres  FF ; 
and  the  heat  produced  is  sofficient  to  cvolvo 
the  whole  of  the  carbonic  acid  and  any  sul- 
phni  that  may  have  been  present.  Thecal 
cinad  ore  is  ground  to  fine  powder  before  ^~ 
mixing  with  the  quaati^  of  carbonaceons 
mottsr  neesMaiy  for  the  decomposition  of 


the  oxide  of  zi 


lit. 


E — 


FlR.  ISt. 


Met  cALunuamm  or  auuosE.; 

The  heat  is  sometimea  muntaJaai  ia  As  kfla  iriAovt  a  Ua^  hj  ksng 
fbnr  firc-plBoesamiifiedaTOiuidawdiKMtaf  &0kiln.aDtfaalflMlNlt|i»- 
duced  ma7  be  drftim  into  it,  and  rognlnlj  dtataflnM  tinoq^uA 

The  sihceons  enlunine  le  ntbJMled  to  dw  nma  aort  nf  oakbiriiB.    So 

c<mstitution  of  tlie  calciiied  prodnslBiiihoimiatliaf)IIawiagmi^fm»— 
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The  three  fint  mufyaes  nro  hj  ScHmMt, 
tlie  foorth  hj  Berthiet-. 

By  calcination,  the  ore  loses  nhout  ! 
twenty-fivo  Jior  cent,  of  its  weight.    Tho 
calcined  ore,  which  cOntaijia  o 
ago  ahout  forlj  per 
ground  to  n  Tory  fine  powJcr,  sifted 
tlirongh  a  fine  eicvc,  niixtil  \vilh  half 
its  weight  of  coal-dust,  end  is 
Uicn  ready  for  charging    into 
niiy  of  tlie  fiiruacea  e 
ployed. 

At  Vieillo  Mostagi 
tho  furnace  used    is 
»h(>«Ti  ill  I'igs.  109 
l(i:i.    In  Fig.  109,  on  Ihe 
left  hand,  is  ehoivu  the 
front  clovftlion ;  on  tlie 
right   houd,   a   sectionnl 
elevation.    BB  arc  sniii]l 
lines  loading  from  the  fi  iL'- 
placo  A.  to  tlio  clmmli,  i- 
in  which  Uie  small 
fire-clny  retorts  re- 
presented   in    Fig. 

Ida  are  set.     The  proituetfi  cf  rmn fraction 
ing  conveyed  the  heat  lo  the  retorts,  by 
Iftling  amongst  them,  [jhrs  on  through  the  fines 
CC,  in  the  arch  of  the  cbambor,  to  the  main 
chimney,  the  top  of  wlii,:li  is  snppUed  with  a 
dajnper.     Four  of  these  furnaces  stand  together, 


tot  the  porpoBeB  of  economizing  room  oud  heat,  aud  of  renderlug  the  whule 
atmcture  stronger.  lu  tho  arched  cUotnber,  which  is  nine  feet  high  and  six 
feet  viidc,  016  placed  forty-two  cylindrical  retortH,eBch  three 
feet  eight  inclies  long,  and  six  inches  intantal  diameter. 
They  are  made  of  a  very  refractory  Ere-clay,  carefully 
lumt.  Short  conical  castirou  pipes  are  fitted  to  tlia 
mouths  of  the  retorta,  projecting  Uirough  tho  fire-brick 
breast  work.  On  these  are  adjusted  wrought  iron  tubes, 
tiLperiiig  through  a.  lengtli  of  two  feet  to  a  diameter  d!  an 
inch  at  the  mouth.  Tho  incUncd  position  of  the 
retorts  and  pipes,  aud  the  method  of  supporting  and 
ammgiiig  them  is  the  furuoce,  are  shown  on  the 
hand  of  Fig,  1C3,  and  in  the  side  soctional 
eleTBtioc,  Fig.  1U3.  Tho  breast- work  is  sup- 
ported with  plates  of  cast-irim,  strengthened 
with  wronght-iron  braeoa. 

A  new  fumnco  is  slowly  lieatcd  oyer  a 
perioi  of  four  days  to  a  white-heat;  email 
charges  of  tlie  ore  are  introduced,  and  Ibe 
iron  tubes  luted  into  llieir  places  with  fire- 
clay. In  tho  course  of  four  or  five  days 
tho  famace  is  brought  into  full  working- 
power.  A  charge  fur  the  set  of  retorts  in 
one  fiintace  consists  of  1100  lbs.  of 
calcined  calamine,  mixed  with  QSOlbs. 
of  coal-dust.  The  retorta  are  charged 
ndth  (^uautities  of  the  mixture  placed 
in  a  sort  of  semi-cylindi-ical  scoop, 
varying  according  to  their  position ; 
for  ia  spit*  of  every  precaution  to 
heat  all  the  retorts  olHie,  thoso  nearest 
the  fire  obtain  most  beat,  and  there- 
fore work  off  qiiickefit.  As  Boon  as 
the  retorta  are  charged,  tho  iron  pipes 
are  properly  adjusted  in  their  places, 
and  the  full  force  of  tlie  lire  is  put  on. 
Soon  carbonic  oxide  gas  is  evolved  in 
considerable  quantities,  which  bums 
with  a  blue  Same  at  the  moatlis  of  the 
wroughl^iron  pipes.  Gradually  tho 
qoontily  of  the  gaa  dimmlshes,  and  the  flame  obtains  a  grecnish-wliito 
fane,  and  white  fames  are  copiously  evolved,  when  the  distillation  of  the 
metal  commencea.  The  purer  metal  is  deposited  in  the  cast  iron  pipe ; 
and  the  metal  alloyed  trith  lead  ie  condensed  in  tho  out^r  wrought-iron  tube 
— proving  that,  altliough  alone  lead  is  not  volatile,  yet  that  when  in  com- 
bination with  zinc  it  ia  more  volalile  than  zinc  itself.     When  tho  wrought- 
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»t  Y  Y,  in  i^.  ItiO.  L  L  are  the  rides,  bmoed  together  nith  iron-work,  and 
■nppoiting  the  Utrast  of  the  arch,  E.  The  coals,  fed  througli  tlio  fire-place, 
C,  on  to  the  fire-bars,  b,  receiving  the  dranght  through  the  ash  pit,  A,  give 
offtheheatto  the  interior  of  the  fnniaoe  in  which  the  ten  retorts,  or  nrnffles, 
F  F,  are  arranged  the  smoke  passing  off  by  four  liolcs,  K  K,  in  the  roof 
,  "  „  (tf  the  furnace.  In  the 
plan,  Y  Y  arc  the  holes 
throagh  which  the  eon- 
dncting-piiies,  H,  have 
access  to  the  chambers, 
ti  of  which  there  are  ten, 
corresponding  to  the  num- 
ber of  the  retorts.  The 
arch  E,  is  conDtrncled  of 
a  miitiire  of  lire-clay  and 
sand  carefully  beat  down, 
about  nine  inclics  thick, 
.onamouldofwood.ortem- 
porary  rough  masonry, 
*iit  i«i-  smoothed  overwith  aaJies 
or  mad,  irtiich  is  removed  after  the  arch  has  been  allowed  sufficient  time 
to  harden,  so  as  to  stand  without  support.  If  properly  made  and  carefully 
dried,  this  arch  will  last  two  or  three  yenrs.  The  mnftle,  shown  iu  longitudinal 
and  transverse  section,  1^'F  (Fig.  107),  is  about  forty  inches  long,  twenty  inches 
in  height,  and  two  to  tliree  inches  thick.  It  is  made  of  a  mixture  of  fire- 
clay and  old  broken  muffles                  t     __„  k 

ground   to   coarse   poi\der  ^■■■■■iK^^^ 

moulded,  slowly  dried  and  i"  '^  "--^O 
while  the  fiiinace  is  bemg 
heated,  which  requires  eight 
to  tendayB,theBetof  mufllas 
ia  [o^ared  by  baking  in  a 
separate  fnmace,  slowly  rais- 
ing them  to  a  strong  red  bent 
and  then,  whUo  so  heated 
lemoTing  them  to  their  as- 
signed phices  in  the  reducing 
fhrnace,  where  the  fire-clay 
door  is  fitted,  and  the  con 

denaing  pipes,  H  H  II  and  "•  '••• 

C,  are  adjusted,  so  as  to  convey  the  metal  into  vessels  placed  to  receive  it 
at  i  i,  in  the  recesses  of  the  arch  Y  Y.  As,  nntn  the  pipes  have  attained  a 
etmsidetable  temperature,  the  metal  is  apt  to  condense  in  the  pipe,  H,  and  so 
to  chtdce  it, — in  the  end  of  the  pipe,  H,  a  hole,  provided  with  a  clay  stopper, 
]■  left,  tiirongh  which  the  metal  may  be  raked  out,  without  disturbing  the  pipe 
itself.   ThepipeHifleounectedwith  the  receiver  I  by  the  adapter  O,  pairing 
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througl)  the  holes  V.  The  charge  is  intioduced  through  a  hole  in  the  mcn^lij 
dooibelon- thai  provided  for  the  edjostmeutof  tbopipc.  Th«  calamine  uedi» 
calcined  in  a  reverberatory  furnace,  heated  with  a  separate  fire,  or  in  aoma 
instances  with  the  heat  pasaiug  off  from  the  redncing  fuTDOccs.  The  chai^ 
of  ctJcijied  ««lBSDUie,  rmighljr  powdered,  is  mixed  with  powdered  coke,  or 
with  the  cinders  from  the  coal-fin  of  tlw 
furnace.  A  choi^ge  ia  worked  off  era]' 
twenty-fonr  hours.  The  product  obtained 
is  a  crude  metal,  which  ia  remelled  in  iron 
pots  or  pons,  well  skimmed,  and  cast  iiilu 
ingots.  The  chambers.  Y.  uro  also  pru^ided  witli  iron  doors,  to  protect  tho 
idpes  from  the  cooling  action  of  Ihe  ntmosphcre. 

In  the  day  of  twcntv-fuur  boors,  Stc  cwt.  of  calcined  ealaimne,  equal  to 
sreti  and  a-haU  owt  of  the  raw  ore,  arc  passed        ti  ^^J^^ 

through  the  funuee,  each  uuBlo  being  charged  and     |H  ^BIBi 

drawn  ouco  in  that  tituo.  The  ptodocc  of  crude  zinc     ^g  ^g 

is  2-4cwt., 
which  by 
refining  ia 

converted      wa  ^B^^^ 

into    20ri    '^y  V^^B 


of 
merciallj 


Firi 


BJid  'SS  cwt.  of  aldm- 
hich  coutain  "i  of  nielal- 
tlma  l)ic  prodnct  of  pnre 
zinc  from  raw  ore  bj  this  pio- 
ccES  oinonnfs  to  only  371  per 
ccnl.,  whilst  it  contains  as  much 
as  i5  jier  cent,  on  the  average. 

A  modiBcatiou  of  the  Sileaion 
furnace  ia  Bojnetimes  employed,  in 
which  as  many  as  twen^-fonr  muf 
lies  are  set,  and  Uic  heated  gases 
and  smoke  arc  carried  off  through 
adjacent  reverberatory  fomacea, 
tu  which  the  roasting  of  the  rax 
ure  ia  carried  on. 

Enellab  Kellkod  of  Smelting 
— There  are  but  few  zinc-smelliDg 
works  in  Great  Dritoin  ;  msnr  of 
those  that  were  in  opcnvtioQ  have 
been  abandoned,  on  account  of  ibe 
cheap  rate,  consistent  with  superior  quahty  at  which  the  metal  was  snpplied 
from  Uio  continent  prmcipaltv  h^  the  ^  iciUe  Slootagne  Company.  This  arosa 
chiefly  from  the  superior  quahl?  of  the  ores  obtained  by  them,  and,  in  const- 


^eace  of  their  great  Abniuiaiice,  their  less  cost.  'Within  the  Uat  fear  or  two, 
zinc  Hmelting  h&a  been  reviving  in  this  cotmtry,  and  an  increased  demand 
has  aiisen  for  the  blende  ores,  which  are  more  abundant  hero  than  the  cala- 
mines. During  the  jear  16sa,  the  total  quantity  of  calamine  reported  to 
liave  been  raised,  or  rather  sold,  was  182  tons,  the  produce  of  the  Alston 
Moor  Mi"''" ;  but  of  black-jack  or  blende,  from  TSiiovB  mines,  0B20  tons. 
Allhougb  these  quantities  are  not  to  be  considered  as  all  the  ores  raised  in  the 
different  mines,  yet  they  will 
show  the  comparatiTe  quanti- 
ties of  the  ores  obtainable. 

The  black-jack  or  blende, 
and  so  also  tlie  calsnunes,  are 
roasted  in  revcrheratorj  fur- 
naces resembling  those  em- 
ployed for  the  calcination  of  tin 
or  of  copper  ores ;  but  the  black- 
jack requires  a,  longer  time  and 
a  greater  heat  than  tliose  ores 
do.  The  reduction  furnace,  for 
the  treatment  of  the  calcined 
ores,  is  shown  in  Figs.  IGO, 
170,  and  171. 

Through  a  solid  mass  of  masonry,  H  H,  are  three  passages  shown  m 
both  the  plan  and  elevation.  These  are  interseoied  by  another  at  right 
angles,  through  the  nuddle  The  middle  psssage 
of  the  three,  C,  is  the  ftsh  pit  of  the  fire  place.  A. 
The  others  are  required  for  the  descending-pipes 
from  tlie  large  poU,  or  cnicibea,  arranged  on  the 
hearth  above,  on  each  side  of  the  fire-place,  within 
a  circular  fire-brick  wall,  A  A,  suitably  braced, 
and  supporting  a  dome  or  tureh,  of  the  same  mate- 
rial, through  which,  over  each  pot,  are  holes,  OO, 
Through  these  the  pots  are  charged,  and  the 
smoke  fi-om  the  fire  passes  into  the  main  chimney, 
G,  which  ia  like  a  glass  house  chimney.  In  the 
large  chimney  are  doorways,  K  K,  oppoait«  ottch 
of  the  arches  in  tlie  circular  wall  of  the  furnace 
A,  through  which  the  pots  are  passed  into  their 
places  on  the  hearth.  The  inner  arches  are 
—  built  up  with  fire-brick  after  the  pots  are  put  into 
Pig.  I'l.  their  [daces ;  but  the  outer  doorways  are  of  course 

left  open,  for  b^e  access  to  the  furnace  for  charging,  Ac. 

The  constmction  of  the  pot  is  shown  in  Fig.  171 ;  the  pot  is  so  placed  on 
the  hearth,  that  the  hole  in  its  bottom  shall  correspond  with  the  iron  con- 
denser-pipe, which  passes  through  the  hearth  to  the  passage  below.  A 
luting  of  fire-clay  is  ioterpooed  between  the  pot  and  the  condenser-pipe. 
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which  i"i  niao  conneclcd  witli  n  larger  eytindrical  pipe  of  wronght-irao. 
sufllcieDtly  long  lo  convey  the  condensed  products  of  distillation  into  tb« 
veBselG.  The  pots  are  made  of  a  mixture  of  fire-clay  and  coarseiy  powdena 
broken  pots  ;  tlicy  arc  carefully  baked  in  an  adjoining  faraace.  whence,  wfara 
tlicy  aie  required  to  supply  the  plneea  of  brok^  pots,  thej  are  coDvejed  nd- 
bot  into  tlio  furnace  by  a  l:u^  pair  of  tongs  on  vrheels.  If  well  made,  a  pol 
will  la9t  about  four  ntontfas.  The  charge  of  calcined  ore  and  coaj,  mixed,  is 
introducpd  through  the  holes  in  tlie  croirn  of  the  arch  into  the  crucible,  lh« 
hole  iti  tlio  bottom  of  which  has  been  loosely  stopped  with  a  wooden  plug. 
The  cover  of  the  crucible  is  left  off  for  two  hoiu-s.  after  cfaarging,  or  until  th* 
appearance  of  a  bluish  flame  indicates  tlie  commencement  of  Uie  redaDOg 
operation,  Cy  this  time  the  wooden  plug  will  have  been  converted  inte 
chai-coal:  and  it  will  have  been  rendered  sufficiently  porons  to  allow  of  fte 
pasEnf,'e  of  [lie  vspoiirs  of  the  metallic  zinc  on  their  way  into  the  condenitr. 
The  workman  has  only  to  maiulain  the  fire,  and  oceesionolly  lo  dear  * 
passage  in  the  condensing- pipe,  should  the  metal  hnve  •eeumnlatei 
sufficiently  to  endanger  ita  stoppage.  This  clesmnce  is  effected  by  pacing 
a  red-hot  beut  iron  rod  tlirongh  the  acouTniilated  metal.  Five  charjjes  of  or^ 
are  worked  off  in  a  foiluiglit,  eight  to  ton  tous  of  calcined  ore  having  been 
used,  with  a  consumption  of  twenty-five  to  Uiirty  tons  of  coal,  the  productiaii 
of  metal  amounting  to  about  tliirty-five  per  cent.  The  crude  metud  obtained 
in  dro]>s  and  powder,  with  a  lilllo  oxide  of  zinc,  in  the  dishes  placed  on 
the  lower  hearth,  are  pnrilied  in  the  Bame  manner  as  the  products  of  (he 
Silesion  process.  Before  a  now  charge  is  put  into  the  pot.  tlie  residuary 
matters  ore  rnkod  out  throngli  the  bottom,  the  sheet-iroii  pipe  having  been 
tempoTurily  removed,  and  tlio  charcoal  plug  withdrawn. 

aiany  patents  have  been  talion  out  during  the  last  twenty  years  for 
improvements  in  nine  smelting ;  but  not  one  of  tlicm  seems  to  have  been  of 
sufficient  praclieal  irapoi'tanco  to  have  been  the  means  of  Bupffl«eding  the 
old  processes. 

The  consiunption  of  zino  has  been  rapidly  increnaing  since  the  dlscoreiy 
of  the  means  of  laminating  it  with  focility.  It  is  used  in  the  form  of  shwts 
for  covering  ships'  bottoms  instead  of  copper :  the  sheets  arc  nailed  on  with 

c  nails.  The  sheets  arc  also  used  plain  or  corrugated  for  building  housfs, 
boats,  ships  ;  for  coustmc ting  roofs :  for  making  hatha,  rain  gauge  shutes,  and 
Bpouta ;  perforated  in  a  great  variety  of  ornamental  forms  for  blinds,  screcDS. 
light  fences,  sieves :  also  for  water-tanks,  water-proof  boxes,  omamenUl 
rases,  &c. 

As  zinc  becomes  vory  linld  nt  a  low  temperature,  it  has  bean  found  lo  be 
jnceedingly  weU  adapted  for  making  casts  of  statues  and  of  statuettes,  as  il 
takes  a  sharp  impression,  from  the  filling  up  of  every  onUine,  therefore 
leaving  but  littio  labour  for  the  chaser.  In  France,  tite  production  (rf 
elatuettca  in  zinc  has  become  on  important  husiness ;  and  beantifnl  works 
of  art  of  fair  execution  are  now  becoming  attainable,  through  this  branch  of 
indoBtry,  by  individuals  whose  disposition  to  cultivate  n.  taste  for  the  FiM 
Arts  has  hitherto  been  curtailed  by  the  limited  means  at  their  disposal.   The 
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use  of  the  metal  in  the  preparation  of  various  alloys,  has  already  been 
noticed.  It  has  also  been  employed,  like  tin,  for  the  coating  of  iron,  pro- 
ducing what  is  known  as  galvanized  iron.  Utensils  and  portions  of  ma- 
chinery, both  of  wrought  and  of  cast  iron,  are  galvanized,  by  JBrst  pickling 
them  with  dilute  sulphuric  acid,  then  dipping  them  into  a  solution  of  chloride 
of  zinc,  diying  them,  and  finally  placing  them  in  a  bath  of  zinc,  melted, 
covered  with  fused  chloride  of  zinc.  By  leaving  them  until  of  tlie  same 
temperature  as  the  batli  of  metal  was  before  the  article  was  immersed,  it 
becomes  perfectly  coated  with  zinc,  which  remains  adhering  to  the  iron  with 
a  perfectly  smooth  surface.  The  article  should  be  subsequently  well  washed 
in  water  and  a  solution  of  soda,  otherwise  a  great  tendency  to  oxidation  will 
be  produced  by  adhering  traces  of  the  cliloride  of  zinc. 

The  chloride  of  zinc  in  concentrated  solution  is  largely  employed  as  a 
disinfectant;  it  is  known  as  5tr  William  Burnett's  disinfectant  liquor.  The 
sulphate  will  serve  very  neai'ly,  if  not  quite  as  well,  for  the  same  purpose ; 
as  indeed  will  many  other  metallic  and  earthy  salts. 

The  oxide  of  zinc  is  much  used  as  a  white  paint.  Ground  with  oil,  it 
does  not  cover  so  well  as  the  white- lead  paint ;  but  it  is  free  from  the  objec- 
tion to  the  use  of  white-lead,  as  it  is  not  liable  to  tarnish  or  blacken  when 
exposed  to  the  action  of  sulphuretted  hydrogen. 

The  use  of  white-lead  paint  is  injurious  to  the  health  of  the  painter,  and 
of  persons  exposed  to  the  smell  of  freshly-painted  rooms,  where  it  has  been 
used ;  but  zinc  oxide  is  also  free  from  this  objection. 
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Hynonymet:  Anliniimr  (Begolns  of  Antimony)  ;  Antimoine,  Ft,;  SfiHt 
glouz,  Hpicssglas.SpieHaglanzkonig, Off.;  Antimon.  AntiinoDiBm;   SoMnh 

— TliiH  metal  vras  not  knoim  imtil  the  HfUcuUi  o«ntiuj :  it  ni  tel 
dcacribed  by  BmU  Vakutine.  Some  of  ite  comiiouniis  were  loiomi  to  tbi 
nndenta :  it  ia  spoken  of  by  Pliny  as  Slibiiini.  The  black  Bttlplimct  «■« 
used  by  Uie  Egjptinn  and  Itomaji  ladies  as  a  cosmetic  for  matlditg  the  ejti 
Bud  aycbrowB.  It  is  Buid  tliat  Basil  A'alenline.  a  monk  of  Erfurtli,  whik^ 
gugtid  iu  his  alahemiaBil  Inbours,  tbrew  Boma  of  the  prepantioufi  of  uiiiiimj 
whore  pi|ja  hod  acceas  to  tlie  mixture  irith  theif  food ;  and  having  ofasemd 

,t  tvTtcr  becoming  siok  they  rapidly  fattened,  he  thought  that  his  friend* 
might  proAt  by  the  eainc  treatment — and  so  he  fed  tliem  in  like  maimer  niA 

1  swine  ;  but,  tu  bin  disappointment,  found  that  nhnt  nils  good  for  ibt  pigs 

u  bad  for  the  niunks,  for  llicy  died :  aud  so  Uie  metal  obtained  the  mune  of 
Butimoinc.  unti-nioiik,  autimouy. 

from  the  otulieBt  times  the  sulphuret  of  antimony  teas  known  as  ali^id — 
n  Arabii;  term  for  an  impalpable  powder,  the  condition  in  which  it  was  osed 
OS  a  cosmetic.  Hence  llie  terms  of  iJie  alchemists,  alcophal  and  alanol,  uii 
the  alqu{fiiiir  of  the  potters,  applied  to  the  fine  powder  of  the  sulphor  of  lead. 
Alivhal,  now  of  very  dilTereut  application,  was  derived  from  the  same  sonrce. 

Antimony,  in  many  respects,  resembles  arsenic  in  its  properties ;  bnliU 
oxides,  unlike  those  of  arsenic,  ai'O  insoluble  in  water.  It  is  of  a  grsyiBh- 
whitc  colour,  liighly  crystalline,  and  hrilhant  in  its  fracture ;  not  yery  hud, 
but  brittle,  and  easily  reduced  to  powder.  It  has  a  peculiar  taate  and  odour, 
ItB  tenacity  is  very  feeble ;  it  melts  at  a  red  heat.  Out  of  contact  with  air, 
it  TolatilizeB  very  slowly  at  a.  white  heat,  more  rapidly  iu  the  open  ait 
Covered  witli  a  llux  in  tlio  strongest  white  hcnt,  it  loses  only  one  ooe- 
thouaandtli  of  its  weight ;  but  it  may  bo  distilled  at  the  same  temperatore  in 
a  current  of  hydrogen  gas.  Its  specific  gravity  ia  (V7  Ij.  In  dry  air  it  con- 
tinues uuubftuged,  but  in  a  moist  atmosphere  it  becomes  coated  with  a  thin 
covering  of  oxide.  It  does  not  decompose  water,  either  at  ordinary  tempeia- 
lures,  or  at  that  of  boiling  water ;  but  at  a  red  heat  it  does  so  rapidly,  some- 
timoB  with  explosion.  At  a  red  heat,  exposed  to  the  air,  it  bums  witli  a  whiW 
Home,  producing  a  crystalline  oxide.  Nitric  acid  acta  cnergeticalJy  on  it. 
converting  it  into  antiraonioua  acid,  which  is  insoluble  in  water.  Dilute 
sulpliurio  acid  has  no  action  on  it.  By  boiling  in  concentrated  snlphnric 
acid,  a  sulphate  of  the  protoxide  ia  produced,  with  evolution  of  sulphoroiu 
acid.  It  ia  not  soluble  iu  Iiydroehloric  acid,  nor  ia  it  so  even  in  hot  acid,  if 
pure;  but  if  associated  with  iron  it  is  veryslightly  soluble.  It  dissolves  veiy 
readily  io  nitro-muriatic  acid,  and  sulphurous  acid  has  a  slight  action  on  it 
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The  nitrate,  chlorate,  and  Bulphata  of  tko  alkalies,  at  a  red  beat,  oxidize  it 
Teij  readily.  It  ia  insoluble  in  organic  adds.  In  the  form  of  powder, 
dropped  into  chlorine,  it  takes  fire,  prodndng  prolooliloride  and  percbloride  of 
antiinouj'.  An  alloy  of  antimony  and  zinc,  bj  digestion  in  dilute  snlpbnrio 
acid,  erolTca  hydrogen  gas,  holding  antimony  in  solution,  the  product  bein 
hydrogen  and  antimoaiurettod  hydrogen. 

NSitive  metallic  antimony  is  very  rare ;  but  it  ig  found  at  Dauphine  i 
France,  Andreasberg  in  the  Hartz,  Sweden,  Meiaien,  and  Connecticut,  U.S. 
It  is  sometimes  alloyed  with  arsenic,  but  is  most  commonly  mineralized  with 
ndphur,  more  rarely  oxidized,  as  an  autimoniate  of  lime,  or  in  combination 
with  other  metallic  snlpbides,  such  as  jomeaouitc,  boumonite,  feather  ore, 
antimonial  copper  glance,  fohlent,  gray  copper,  ruby  silver,  polybasite,  See. ; 
but  tbe  only  ore  used  as  a  soorce  of  this  metal  ia  tlie  sulpboret  of  antimony, 
obtained  principally  from  Borneo  and  the  East  Indies ;  it  occurs  also  in 
Cornwall,  in  several  mines  in  Devonshire,  Scotland,  and  the  same  localitieB 
in  which  the  metal  is  found. 
It  is  known  also  as  gray 
antimony,  stibine.  and  piis- 
matoidal  antimony  glance. 
It  ia  a  bluish-gray  mineral ; 
fibrous,  radiated  and  grann- 
larBtmcture ;  metallic  lustre, 
occurring  in  masses  with 
qoartz,  salphate  of  barytes, 
carbonate  of  iron,  and  car- 
bonate of  lime.  It  not  un- 
freqnently  contains  traces  of 
gold,  and  sometimea  of  silver ; 
it  is  brittle,  and  easily  re- 
duced to  a  black  powder  It 
is  fiislble  at  a  very  low  tern 
peratnre ;  its  composition  is — 

Sulphur     .    .         2S 

Antimony  74 

100 
From  its  easy  fiisibiLty, 
ina(«ad  of  being  dressed  with 
water,  as  is  usual  with  other    | 
metals,  it  is  melted  ont  from  j 
its   gangne  by  fire       The' 
fnmace  shown  in  Fig  173 
is  one  of  the  beat  employed  ^ 

fbr  this  pnrpose.  Between  the  tbreefire-pUcei  ABC,  are  two  chambeta  F, 
cxivered  with  cast-iron  plates,  having  lu^s  corresponding  to  the  centres  of 
tha  two  fire«Uy  cylinders  £,  which  are  fitted  on  them  within  the  arch, 
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tlirougb  which  Ilia  Urea  play  aiound  tbem,  tbe  smoke  passiiig  off  by  QucsU 
the  back  into  the  chimney  abore  Uie  platform.  The  cylinders  liave  holn  in 
the  bottom  at  the  aides,  corresponding  irilh  the  openings  into  the  uch: 
these  holds  ore  closed  with  fire-clay  stoppers.  lut«d  ivith  fire-cldy.  'Within 
the  chambers  F,  on  low  carriages,  are  placed  the  cmciblcs  D  D.  &9  receiren 
of  tbe  fused  ore  wliicli  Hoivs  down  from  the  cylinder  abore.  Tbe  Mttsw 
having  been  heated  to  a  bright  redness,  tlie  cliaj^e,  of  foar  liundredwd^ts  cf 
crude  sulphmet  in  small  lumps,  is  put  ink)  the  cylinder  £,  and  the  cot«t  C 
is  put  on;  tbe  ore  soon  fuses  and  flon*sdown  into  the  crucible  beh>w.  letring 
the  atonygangueiu  the  cylinder,  which  is  recharged  every  three  hoars.  Tht 
reaidiiitry  matters  ore  drawn  out  through  the  holes  in  the  side  of  the  cylinder. 
About  00  lbs.  of  the  pure  sulpbnret  ore  obtained  per  hour.  A  small  re 
Terberatory  furnace,  like  a  tin  reducing  furnace,  corefiilly  managed  byth« 
workman,  will  prodncc  equally  good  results  at  less  cost  of  fuel  and  of  pUnL 
Much  of  tbe  reliued  sulpburet  thus  obtained  is  nsod  as  it  is,  fbr  the  manniu- 
ture  of  various  medicinal  preporatioiiB. ;  and  it  is  extensively  employed  in  the 
manufacture  of  fireworks,  e^ecially  lot  the  production  of  white  wgiwl  lights 
When  intended  to  be  used  for  the  smelting  of  the  metal,  h  is  tir>tt  roasted  at 
a  very  modemto  heat  in  an  ordinniy  calcining  rcTerberaloiy  furnace,  itis 
put  into  tho  furunce  in  tite  form  of  a  coarse  powder.  It  requires  caMM 
management  to  maintain  the  heat  snOicieiitly  high  to  cause  the  oxidatkni  of 
the  metal,  and  the  erolnttoa  of  tiic  sulphur  to  go  on  without  interraptioa. 
but  not  so  high  as  to  canae  tha  fusion  of  the  sulpburet.  At  the  end  of  twdn 
to  fifteen  hours,  the  caleinatioa  will  be  complete,  the  charge  having  lost  lU 
gray  metallic  lustre,  and  become  of  a  ciodry-gray  colour,  at  tbe  same  tin* 
that  the  evolution  of  the  white  fames  'nill  liave  ceased.  By  this  pimess. 
from  100  parts  of  the  solphurct,  SO  ports  of  oxide  of  antimony  ought  tc 
he  obtained ;  but  in  pnetice  the  product  does  not  amount  to  more  than  GO 
'     Be  parts. 

Ttio  oxide  is  mixed  with  charcoal  powder,  moi.steueil  with  a  solntion  of 

da  oah ;   llio  mixture  is  put  into  crucibles,  a  uiuaber  of  wliich  are  placed 

Ti^ther  in  tlie  same  furnace.     A  bright  red  heat  is  maintained  nutil  the 

aion  ia  complete.     The  product  is  a  cmde  metal  nud  a,  scoria,  wliich  cob- 

aista  of  tba  uilphin-eta  of  antimoej  and  sodium  in  combimilioD.    The  fonocr 

is  melted  over  again  with  some  of  the  scoria,  by  which  it  is  still  further 

purified.      Tbe   crndo   metal   cast   iato  ingots,   when  broken,   presents  a 

bright  crystalline  appearance  ;  but  the  crystals  ore  small,  and  not  as  bright 

as  they  are  reqnired  to  be,  to  meet  the  requirements  of  onlinary  commercial 

demands.     By  remelting  in  large  ^OHnttties,  skimming  carefully,  and  alowly 

cooling,  the  desired  appearance  m*y  be  obtained.     The  sci^ria.  gtuond  to 

powder,  is  known  as  eriicui  or  ktrmet.    Antimony  is  also  obluined  indirectly 

'  I  some  of  tho  procesBCS  for  rcEuing  lend, 

Metalhc  antimony  is  but  littlo  used  alone ;  it  is  principally  employed  lot 
tlio  produoUon  of  alloys,  in  which  it  servee  the  purpose  of  haidcnmg.  lis 
action  on  gold  is  very  remarkable.  One  part  of  antimony,  with  one  tbousuid 
porlfl  of  gold,  ia  sufficient  lo  destroy  tlie  working  propertiea  of  it.     Fiwnthis 
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peculiar  acUon,  the  ancients  gave  it  the  name  of  reguluSf  or  little  king.  The 
alloy  of  antimony  and  iron,  in  the  proportions  of  3  iron  and  7  antimony,  is 
white,  very  hard,  and  hrittlc,  slightly  magnetic,  and  fusible.  The  principal 
alloy  in  use  is  that  of  antimony  and  lead,  in  the  proportions  of  4  lead  and 
1  antimony  for  type  metal,  6  lead  and  1  antimony  for  stereotype  metal. 
Siitannia  metal  consists  of  100  tin,  8  antimony,  2  bismuth,  2  copper. 
Pewter  is  sometimes  made  of  12  tin  and  1  antimony. 

The  oxide  of  antimony,  or  antimony  glass,  is  used  in  the  manufacture  of 
enamels,  and  of  coloured  pastes  for  imitation  gems. 


. — This  is  a  rare  metal,  but  its  distinguished  quaUties  are  that 
it  is  yeiy  fusible,  and  causes  other  metals  to  become  so.  It  melts  when  pure, 
at  480"" ;  it  may  be  distilled  in  a  close  vessel,  and  then  crystalizes  in  lamina, 
It  is  very  britUe,  like  antimony,  and  of  a  brilliant  lustre ;  its  colour  is  white, 
tending  to  flesh-colour.  Its  specific  gravity  is  9*83,  which  may  be  increased 
to  9*88  by  hammering.  It  expands  in  the  act  of  cooling,  which  renders  it 
peculiarly  suitable  for  castings. 

There  are  many  minerals  which  contain  bismuth,  but  they  do  not  often 
occur  in  such  quantities  as  to  make  the  extraction  of  the  metal  profitable. 
The  metal  is  not  very  valuable,  and  notwithstanding  its  scarcity,  it  is  sold  at 
a  low  price.  It  occurs  native,  and  is  then  easily  obtained.  Native  bismuth 
is  found  in  America,  where  it  is  associated  with  wolfram,  galena,  blende, 
and  quartz ;  both  in  Monroe  county  and  South  Carolina ;  and,  of  course,  in 
many  otlier  parts  of  tiie  world.  Sulphuret  of  bismuth  occurs  at  Haddam, 
Connecticut.  The  carbon  is  found  in  the  gold  district  of  Chesterfield,  and 
South  Carolina ;  and  the  sulphuret,  and  lead,  and  copper,  at  Lubec  lead 
mines,  in  Maine.  Telluric  bismuth  exists  in  the  gold  regions  of  Virginia, 
and  North  Carolina.  All  the  metal  in  market  is  obtained  almost  exclusively 
firom  cobalt-speiss,  at  the  smalt  works  of  Germany.  The  residuum,  from 
v^hich  also  nickel  is  extracted,  contains  on  the  average,  seven  per  cent  of 
bismuth. 

The  compounds  of  bismuth  are  distinguished  by  fusibihty,  at  a  lower 

degree  of  heat  than  most  metals.    Eight  parts  of  bismuth,  5  lead,  and  3  tin, 

melts  at  202^.    Two  bismuth,  1  lead,  and  1  tin,  melts  at  a  littie  lower  heat. 

The  addition  of  mercury  increases  the  fusibility  of  these  alloys.  One  bismuth, 

2  tin,  and  1  lead,  is  soft  solder  for  pewter.    CUches  and  stereotype  metal  may 

be  composed  of  3  lead,  2  tin,  and  5  bismuth;  this  alloy  melts  at  190°;  45*5 

bismuth,  285  lead,  17  tin,  and  9  mercury,  is  an  alloy  for  plugging  teeth  ;  it 

fuses  at  149"*.    An  amalgam  of  20  bismuth,  and  80  mercury,  is  used  for 

silvering  the  interior  of  glass  globes.    Like  antimony,  bismuth  readily  forms 

an  alloy  with  the  alkaline  metals.     Its  affinity  for  arsenic  is  very  weak, 

like  that  of  phosphorus ;  both  of  these  substances  may  be  evaporated  from 

the  hot  metal  almost  entirely.    All  its  compounds  with  precious  metals  are 

very  brittle.    Bismuth  has  been  proposed  instead  of  lead  for  refining  silver ; 

but  the  experiments  performed  with  it  were  not  satisfactory.    A  compound 

of  tin  and  bismuth  is  stronger,  harder,  and  more  sonorous  than  pure  tin ;  and 


All  ai^oy  of  eipial  p aita  of  kid 
iiaaity  of   tbe    tno  met&li,  it 

S  ii  Aietj  employed  for  iinpttti^ 

'  qiplictttioiis,  it  is  Died  in 

V   lb 

_  colonra. 

IjsiBiple;  the  metal  biTine  . 

I  n>Wtn>J  bj  simply  betkting  iu  ! 

■■Hnb  ntatt.  Ket  Mt    ani  au^,  «t  tht  , 

t  i>  <kMgid :  at  tbe  knrest  angle  is  pkc»<I  I 

mM  S^n.    Aboot  half  «  haadiodwci^t  | 

MhL  «f  iriuiA  then  are  usaally  foni  in  (  I 

■Wilj  fcilf  fin II  a  TTton.  so  that  die  nppet  I 

~  with  a  daj  plate,  ox  slab,  pro-  j 

vdMk^^rf  Oa  Miaied  iMtaL    The  ^pA 

•MM  *■  MBtel  to  low  into  the  diili.  whid  | 

I^  afflrfa^  a  >Tisk  fire,  and  stimng  lis 
ia  k  »  ettaiued  vitLin  haK  an  huur.  tbe  ^ 
A>  Mtan  »to  a  troc^h  nith  water,  and  tb* 
iHi  4f  on  ia  ^MJted  in  a  daj  of  eigU  hoait. 
'mk»  inm  mmddt  in  tfae  fotm  of  ingots,  uid  is 

naat  fm;  tat  it  mar  be  pnTiSed  bj' remeltiag 
,  b«a*  aab4id.  at  a  low  beat,  removing  the  dras 
cf  Aa  tWi  It  is  xtrisable  to  melt  the  metal 
■.  ■  »  tbrV-igaJ  poi.  ami  then  cast  it  into  Ihe 
goto.  Bi^MHft  ci^iMt  be  bead  from  »l7er  bj  these  means,  in 
<]f  wfckk  At  artide  cf  HWMirrL  ahrajs  contains  some  of  that 

&B*I.— Tbis  is  a  Mctal  gwiraOr  kwnn.  Wben  pure,  it  is  blue-white, 
«f  Uf^  Inrtn.  ud  LxUtamlj  nft.  Il  ti  aboM  iaelastiD,  and  maj-  be  bent 
«fcM  i*  ifcceta.  ate  ballw.  TUa  ■ofaww  adnila  of  its  being  tued.  Wa 
piffcite  pencik.  fer  wrilug  oB  paper.  Ila  ^cetBc  giaTilj  is  IIH;  ct, 
wbcn  pnrr.  oolv  1 1'3).  Lead  admila  rf  b«iBg  rolled  into  tbin  sheets,  and 
u  ea^y  drawn  into  pipe* :  it  has  Uttl*  adhesire  strmgtb.  It  nelti  tr 
cryaiallizes  si  600' ;  sme  acaett  that  it  does  not  melt  at  that  degree  ofbMt. 
bi^  at  30'  higher.  A  rariatkat  in  tfae  mdting  heal  may  be  obserred  wiDi 
most  other  metals:  impure  b^ng  ahraja  more  fiisible  than  pore  metaL  Vhen 
Mmmion  lead  is  espoeed  to  a  mehing  heat,  its  point  of  ft^on  riaes  with  1b> 
time  it  is  expoeed  to  that  heal.  At  a  white  heat  lead  enpcntes,  and  it  msy 
be  obtained  crystalliied  whm  the  heat  is  gradnally  diminiriied :  soddn 
""■^■''C  prerents  tlie  fonnation  of  large  crystals.  All  tbe  lead  of  eammnt* 
coiitaiDa  iron,  copper,  and  nstil  Mr.  Patinson's  discoTeiy,  more  or  less  atra. 

A  Ittrge  ninnber  of  mlDerelB  contain  lead  :  bvt  the  chief  aoorae  of  Ibw 
metal  ia    galena,  from  wbieb  ore  leed  is  chiefiy 
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native,  but  it  is  of  little  practical  use.  It  occurs  in  combination  with 
sulphur,  selenium,  tellurium,  antimony,  oxygen,  and  other  substances. 
Most  of  the  varieties  of  lead  ore  enumerated  in  mineralogical  works,  occur 
in  combination  with  the  above ;  few  of  them,  however,  are  used  for  the 
manufacture  of  the  metal ;  these  ores  form  mere  cabinet  specimens. 

The  principal  load  mines  in  Great  Britain,  are  in  Cornwall,  Devonshire, 
Somerset,  Derbyshire,  Cumberland,  Westmorland,  Denbighshire,  Monmouth- 
shire ;  in  Scotland,  on  the  borders  of  Dumfriesshire,  and  Lanarkshire ;  in 
Ireland,  Wicklow,  Wexford,  Clare,  and  county  Down.  Phosphate  of  lead 
occurs  at  almost  every  lead  mine,  as  a  faint  green  or  gray  substance,  either 
crystallized  or  without  definite  form ;  chlorides,  sulphates,  and  other  salts 
of  lead  are  also  found ;  but  they  are  of  little  interest  to  the  metallurgist. 

Sulphuret  of  lead  may  be  considered  the  matrix  of  all  other  lead  ores ; 
where  tliey  exist,  we  are  sure  to  find  galena.  It  is  always  crystallized,  how- 
ever minute  the  crystals  may  be.  The  form  of  the  crystal  is  a  cube,  com- 
posed of  rectangular  plates.  The  colour  of  the  ore  is  gray,  similar  to  that  of 
the  polished  metal,  which  it  also  resembles  in  lustre.  It  forms  a  gray 
metallic  powder,  when  rubbed.  Its  specific  gravity  is  7' 3  to  7*7.  Qalcna 
consists  of  8606  lead,  and  13*34  sulphur.  The  ore  contains  also,  at  times, 
seleniimi,  zinc,  silver,  copper,  antimony,  and  other  metals.  Silver  is  the 
most  valuable  of  these  admixtures,  and  is  now  extracted  from  the  metal 
by  a  process  first  invented  and  patented  by  Mr.  Pattinson,  Newcastleon-Tyne. 
This  operation  is  as  follows : — a  series  of  hemispherical  iron  plates  are  ranged 
Bide  by  side,  each  having  a  separate  fire-place.  One  of  the  pots  is  charged 
with  about  five  tons  of  lead ;  when  melted,  the  surface  is  skimmed  in  order 
to  remove  the  impurities  thrown  up.  The  fire  is  then  withdrawn,  and  the 
lead  gradually  cooled.  When  the  process  of  crystallization  begins,  the 
crystals  are  withdrawn  by  means  of  ladles,  perforated  so  as  to  allow  the  un- 
crystaUized  portion  to  run  through ;  the  crystals  retained  in  the  ladle  are 
transferred  to  the  second  pot,  where  they  are  again  melted,  and  again 
crystallization  takes  place.  This  process  is  continued  until  the  remaining 
portion  of  the  lead  is  so  rich  in  silver  as  to  contain  from  two  to  three 
hundred  ounces  per  ton,  which  is  extracted  by  the  process  of  oupeUation. 

Qerman  galena  contains  from  *0d  to  *05  per  cent,  of  silver ;  the  English, 
'02  to  *03 ;  the  ore  at  Monroe  county,  3  per  cent. ;  Eaton,  North  Havanna, 
*1  per  cent.;  and  that  from  the  State  of  Arkansas  may  contain  from 
'003  to  '05  per  cent.  Galena  occurs  in  beds  and  veins,  boUi  in  crystalline 
and  stratified  rock.  It  is  often  associated  with  blende,  iron  ore,  copper 
pyrites,  and  a  variety  of  other  lead  ores.  It  occurs  in  gangue  of  heavy  spar, 
calc  spar  ^quartz,  and  other  substances.  The  most  extensive  deposits  of  it 
in  the  United  States,  are  in  Missouri,  lUinios,  Iowa,  Wisconsin,  Arkansas, 
Virginia,  North  Carolina,  and  California.  The  lead  ores  of  Missouri  extend 
over  3,000  square  miles.  From  the  Mississippi  river,  about  sixty  miles 
above  St.  Louis,  they  extend  seventy  miles  in  length,  and  forty-five  miles  in 
width,  over  a  steiile  rolling  country,  a  highland  prairie.  The  soil  is  reddish, 
edoored  by  iron,  with  clay,  full  of  flint  and  quartz  pebbles,  to  the  depth  of 
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ten  or  twunly  feet.  Tlie  lead  region  ot  Wisooneiu  is  equally  extetadrt  u  ! 
Uiat  of  MisBOBri,  if  not  more  ao ;  it  comprises  »bout  &.OO0  eqnue  niilw. 
exteBJiiig  into  Itwa  Mid  Illinois.  The  digginga.  or  minea,  in  thew  npta»- 
do  not  often  excfl  wl  a  depth  of  twenty-fivo  or  Hmty  feet.  Immfinee  nusee  rf 
ow  Lave  been  extmcled  from  tLeae  ditclies.  Golana  is  not  free  from  foreigi) 
niotftla,  of  which  silver  is  alwnya  present.  Tliia  ore  b,  therefore,  not  onlj  ui 
iiccidciital  silver  ore  ;  but  it  may  be  considered  argentiferous  in  »U  lu 
TnrieUi.-a.  The  amount  ot  silver  in  lead  ore.  is  easily  ascertained  by  jm 
assay,  and  ought  to  he  tliuB  determined  when  it  is  doubtful.  Aa  a  genenl  , 
rule,  ivc  may  stftte,  Uial  the  purest  kinds  of  galeun  contain  Ihe  least  savet. 
Tlie  ores  of  the  secondary  and  younger  fonuation.  particujnriy  the  ore  of  the 
limestone  of  that  period,  is  always  poor  in  silver.  All  deposits  of  galfW 
which  occur  in  heavy  masses,  are  also  poor  in  silver.  Galena  which  in  Kni»ll 
vciuH  ramifies  a  stratilied  rock,  is  goreraily  rich  in  silver,  and  Uie  Bin«ll«a 
branches  and  forks  are  richest  The  Iteaviest  depoeite  of  galena  occoi  in 
Ijmeatone  rock.  The  dimeusiolis  of  a  vein  dinunisli  as  it  penetrates  saii^ 
stone  strata,  and  grow  stiU  smaller  in  ti-avei-aing  sheJe  or  slate.  In  Ih<« 
rooks  the  metal  is  frequently  replaced  Ijy  clay  or  fi-opments  of  rock,  and  Ui» 
vein  does  not  show  any  ore. 

A  very  oxIcUEive  use  of  llic  alloya  of  load  is  made  in  type  metni  Kine 
lead,  and  1  autimouy  forms  common  tyi>o  metal;  7  lend,  and  1  antimony  i* 
used  for  large  and  soft  type ;  11  lead,  and  I  nnlimony  for  large  type ;  ft  lead, 
and  1  antimony  for  middle  type ;  4  lead,  and  I  antimony  for  amall  type ;  ao* 
3  lead,  and  I  autimouy  for  the  smallest  kinds  of  type.  Type  metal  freqoenUy 
conlniuH  tin,  copper,  bismutli.  and  other  metaJs.  Stereotype  metal  is  gener- 
ally lead  alloyed  willi  antimony,  in  tlic  rafes  of  four  to  eight  of  the  fonner, 
to  oiie  of  tlie  laU«r;  to  this  is  always  added  some  bismutli,  tin.  a^d  fre- 
quently a  little  copper.  Soft  solder  varies  from  UO  lead,  to  33  lead  in  1(0 
parts,  the  rest  ia  tin.  A  small  amouut  of  bismuth  renders  lead  tdugher: 
equal  parts  of  each  and  bismuth,  foitn  a  brittle  alloy.  Xjead  aod  tin  meh 
together  in  all  proportions,  formiug  a  harder  and  tougher  metal  than  eitha 
bIouc.  a  small  addition  of  lead  to  brass  causes  the  latter  to  be  tongher  and 
more  suitable  for  use  in  tlie  machine  shop.  Lead  has  a  strong  afGnity  1^ 
carbon ;  oxide  of  lead  mixed  ydQx  Cne  carbon,  and  heated  in  a  covered 
cntcible,  forms  a  black  carburet  of  lead.  Lead  unites  with  {lotassiniD  or 
sodium  like  antimony,  but  does  not  absorb  so  large  quantities  of  the  alkoUoe 
metals  aa  tlie  latter.  Arsenic  has  a  strong  affinity  for  lead,  and  ctonbincs 
with  it  on  covering  melted  lead  with  anenious  acid :  orsenic-lcad  and  oiide 
of  lead  is  tlius  formed.  Thisalloy.  OS  lead.ond  2  arsenic,  ia  used  for  makine 
allot,  by  dropping  the  fused  metal  from  a  high  elevation  in  a  shot-tower,  into 
a  basin  of  wat«r ;  or  throwing  tlie  fluid  metnl  down  a  stack  of  limited  height. 
iu  which  a  strong  draught  of  air  is  produced  by  a  blaBtmaclunc.  Mercury 
omaJgamuteB  very  readily  witli  lead.  A  rod  of  kad,  bent  iu  the  form  of 
ayphou,  will  transfer  mercuiy  from  one  vessel  to  another  in  the  some  maun, 
as  bmp-wick  conduete  oil.  An  amalgam  of  lead  crystnlU^es  similar  to  thi 
of  gold,  from  which  the  superfluous  mercury  may  be  sepsr«ted.  by  fnmn 
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it  through  backskin.  Copper  and  lead  do  not  combine  \ety  readily,  tlicy 
require  a  white  heat  for  union.  The  alloy  thus  formed  under  the  influence 
of  a  high  heat,  must  be  suddenly  cooled,  or  both  metals  will  separate  in 
cooling.  Lead  may  be  separated  from  copper  by  liquation,  as  practised  in 
refining  tin ;  but  all  tlic  load  cannot  be  removed  by  tliese  means ;  a  small 
quantity  always  adheres  tenaciously  to  copper.  This  alloy  is  brittle ;  a  little 
lead  is  injurious  to  copper.  Organ  pipes  consist  of  lead  alloyed  with  tin, 
about  half  and  half.  This  alloy  is  cast,  instead  of  rolled,  in  the  desired 
form  of  sheetsr,  in  order  to  obtain  a  crystallized  metal,  which  produces  a  finer 
tone.  The  sheets  are  formed  in  casting  the  metal  on  a  horizontal  table,  the 
thiokness  is  regulated  by  the  height  of  a  rib,  or  bridge,  at  one  end,  over 
which  the  superfluous  metal  flows  off.  Tlio  rough  sheets  thus  obtained  are 
planed  by  means  of  a  carpenter  s  plane,  bent  up,  and  soldered.  An  alloy  of 
19  lead,  and  29  tin,  forms  a  metal  of  high  lustre,  which,  when  cast  over  a 
polished  glass  or  metal  plate,  shows  a  most  brilUant  polish.  When  ends  of 
glass  rods,  previously  ground  to  tlie  forms  of  cut  precious  stones,  are  dipped 
into  this  melted  alloy,  convex  metal  cups  aro  formed,  which  resemble  the 
BparkHng  of  diamonds.  This  alloy  is  soft  and  cannot  bear  wiping  with  a 
cloth. 

The  application  of  lead  for  pipes,  cisterns,  and  domestic  utensils  is 
generally  known.  It  is  extensively  used  in  manufacturing  wliite  paint, 
whitelcad,  and  carbonate  of  lead,  The  rich  colours  of  chronium  are  chiefly 
lead  and  that  metal.  The  salts  of  lead  are  poisonous  ;  and  those  who  make 
use  of  tliis  metal  for  conducting  water,  or  forming  cooking  utensils,  ought  to 
i-eflect  before  adopting  it,  inasmuch  as  the  softer  and  i)urer  the  water,  the 
greater  danger  is  to  be  apprehended  from  tliis  pernicious  deposit.  Lead  in 
sheets  is  sometimes  inserted  in  foundation  walls,  for  preventing  dampness 
ia  dwellings.  It  is  wortliy  of  attention,  that  kou  bars,  fastened  by  means  of 
lead  into  stones,  have  been  protected  against  corrosion  by  tliis  metal ;  we 
(ind  iron  rods  in  old  buildings,  which  have  been  prcsen-cd  for  centimes  in 
iliia  manner. 

The  total  annual  production  of  lead  may  be  estimated  at  about  120,000 
tons ;  of  which  the  United  States  furnish  about  20,000  tons ;  Spain  30,000 
tons ;  and  England  40,000  ;  the  remainder  is  manufaqtured  in  other  parts  of 
the  world. 

Although  lead  may  readily  be  revived  from  its  ores,  by  applying  a 
jnoderate  heat  and  by  simple  means,  yet  to  obtain  as  much  metal  as  possible 
at  the  least  cost,  has  given  lise  to  a  variety  of  forms  in  furnaces,  and  methods 
in  the  treatment  of  ores.  Galena  is  reduced  simply  by  melting  it  in  a  black 
pot.  If  a  western  backwoodsman  wants  shot  or  bullets,  he  will  kindle  a  fire 
in  a  hollow  tree  or  an  old  stump  of  a  tree,  place  some  galena  on  the  charred 
wood  mid  melt  it  down.  After  cooling,  he  finds  the  metal  at  tlie  bottom  of  the 
hollow.  Formerly  lead  was  smelted  in  log-furnaces,  in  Missouri — a  rude 
kind  of  square  ftimace,  constructed  of  logs  or  stones.  The  front  wall  of  suoU 
a  faxnaee  is  about  eight  feet  wide,  and  seven  feet  high.  The  hearth  in  (he 
bottom  of  the  interior  is  about  two  feet  wide,  eight  feet  long,  and  ten  or 
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twelve  inches  high,  forming  ledges  or  boshes  with  the  side-walls  one  foot  in 
width.  The  arch  in  front,  which  admits  air  into  the  furnace,  is  aboat  two 
feet  high  and  wide,  and  is  temporarily  shnt  by  stones,  clay,  or  btick.  A 
basin  in  front  of  the  fdmace  receives  the  fused  metal,  frx>m  which  it  is  ladled 
into  the  pig-moulds.  The  operation  in  this  furnace  was  simple ;  a  layer  of 
heavy  logs  was  placed  horizontally  in  the  bottom :  then  billets  of  split  wood 
were  set  upright,  and  these  covered  with  galena ;  the  top  of  the  ore  was  covered 
by  small  wood.  A  fire  kindled  in  the  front  arch  will  char  the  lower  parts 
of  the  wood  first ;  and  by  the  time  tlie  heat  is  conveyed  to  the  ore  sufficient 
for  melting,  the  hot  charcoal  below  will  exx>el  sulphur  and  precijatate  the 
metal,  which  flows  out  as  it  is  formed.  One  heat  requires  twenty-four  hours, 
after  which  the  furnace  is  cooled  and  the  ashes  removed ;  then  it  is  charged 
anew.  About  50  per  cent,  of  metal  is  thus  obtained  from  the  ore.  The 
ashes  which  remain  contain  much  metal,  and  are  subjected  to  a  second 
smelting  in  tlio  ash-furnace.  Both  these  kinds  of  furnaces  are  now  obsolete; 
they  are  replaced  by  more  perfect  ones. 

In  the  system  of  smelting  lead  ores  there  is  more  variety  than  in  any 
other  class  of  smelting  operations.  We  shall  describe  these  methods,  and 
allude  to  such  apparatus  and  operations  only,  as  are  approved  of  at  the 
present  time. 

The  method  of  smelting  lead  at  the  north-western  mines  in  "Winconsin, 
Missouri,  and  the  adjoining  States,  is  to  pick  the  ore  well  by  hand,  and 
remove  gangue,  which  consists  chiefly  of  heavy  spar  and  quartz,  and  then 
smelt  it  in  reverberatory  or  blast-furnaces.  The  rich  slags  obtained  by  these 
processes  are  once  more  subjected  to  smelting  in  a  slag-furnace.  There  is 
not  much  difference  in  the  form  of  the  reverberatory-fumaces  for  smelting 
lead  or  other  metals.  The  furnace-hearth  for  smelting  lead  is  about  eight 
feet  long,  and  six  feet  wide ;  the  arch  is  twenty-four  or  twenty-six  inches 
above  the  bottom.  There  are  two  or  three  small  work-doors  on  each  side  of 
the  fiimace,  besides  the  tap-hole  for  the  metal,  and  one  for  the  scoria.  The 
hearth  is  formed  of  poor  refractory  slags,  firmly  rammed  down  to  foam  a 
basin  towards  the  tap-side.  From  this  side  the  metal  is  run  into  an  iron 
kettle,  from  wliich  it  is  ladled  into  moulds.  In  the  middle  of  the  roof  there 
is  an  aperture  for  charging  the  ore  into  the  furnace. 

'When  the  furnace  is  heated  and  charged  with  about  a  ton  of  ore,  a  gentle 
heat  is  applied  for  the  first  two  hours.    All  the  doors  are  closed  during 
tins  interval,  and  the  register  at  the  chimney  is  lowered.    Dnring  this  pro- 
cess of  sweating,  some  metal  is  separated,  and  gathers  in  the  basin  of  the 
furnace.    When  the  ore  is  thus  uniformly  heated,  some  fine  charcoal  is 
thrown  into  the  furnace  and  mixed  with  the  slag.    The  metal  thus  formed  is 
tapped  off,  the  heat  raised,  and  then  the  slag  is  diligently  stirred.    When  the 
charcoal  mixed  with  the  ore  is  nearly  consumed,  more  is  thrown  in,  and  the 
slag  and  coal  are  turned  over  together  by  means  of  paddles,  or  iron  ban  { 
flattened  at  one  end.    This  operation  of  alternately  throwing  in  fine  eotl. 
mixing  it  with  tlie  ore  and  tapping  metal,  is  continued  until  nearly  all  of  it  | 
is  exhausted  from  the  ore.    The  heat  in  Uie  furnace  is  a  dull  red  heat,  kept  | 
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Up  rather  by  means  of  the  buruiug  sulphur  thau  the  combustion  of  any  fuel 
iu  the  grate.  When  the  metal  is  nearly  extracted  from  the  ore,  the  heat  is 
gradually  raised  on  it.  At  last  some  fcw^  shovels-full  of  quicklime,  with 
some  charcoal,  are  thrown  in,  and  this  mixed  with  the  ore, and  to  it  a  strong 
heat  is  imparted.  This  generally  brings  out  all  the  metal  which  can  be 
obtained,  and  wliich  amounts  to  about  seventy  two  per  cent,  of  the  ore  at 
the  western  furnaces.  The  slag  which  is  removed  after  the  charge  is  ex- 
hausted, is  subjected  to  re-smolting  in  the  slag-furnace.  About  four  hours 
are  required  for  one  heat  at  a  furnace ;  smelting  about  four  tons  of  metal  in 
twenty-four  hours. 

The  blast-furnaces  in  use  for  the  reduction  of  galena,  are  about  six  or 
seven  feet,  high,  and  twelve  inches  wide.  They  are  worked  by  a  tuyere  in 
the  back  of  the  furnace.  The  interior  does  not  materially  differ  in  form 
from  a  common  cupel  oven,  with  the  exception  of  being  square,  and  having 
an  open  tymp ;  it  requires  no  particular  description.  The  operation  of 
smelting,  which  we  shall  describe  hearaftcr,  is  very  simple.  In  the  western 
states  the  furnace  is  fed  with  charcoal,  of  which  ten  bushels  ai*e  consumed 
for  smelting  one  ton  of  lead;  besides  1-1 0th  of  a  cord  of  wood.  Three 
thousand  pounds  of  ore  furnish  about  a  ton  or  2,100  pounds  of  metal,  which 
makes  the  yield  seventy  per  cent.  Three  hands  are  required  to  attend  a  furnace. 

The  slags  obtained  from  the  reverberatory  and  tlie  blast-furnace,  and 
those  from  all  ash-furnaces  of  the  lead  region,  are  re-smelted  in  the  slag- 
furnace.  This  is  a  low  furnace  about  two  and  a  half  or  three  feet  high,  and 
about  twenty-four  inches  square,  or  the  horizontal  section  forms  an  oblong  of 
twenty  two  by  twenty-six  inches.  The  hearth  iu  which  the  reduction  is  X)er- 
formed,  is  constructed  of  castriron  plates,  so  that  no  lead  may  be  lost  in  dis- 
solving the  hearth-stones.  The  fL'ont-plate  is  exposed  to  the  fire,  the  others 
are  covered  by  heavy  charcoal  dust ;  the  bottom  slopes  very  much.  Some 
of  these  furnaces  are  not  provided  with  iron  plates ;  they  are  consequently 
much  exposed  to  injury  by  the  fused  slag,  and  cause  in  consequence,  loss  of 
metal.  In  front  are  two  iron  basins,  one  receives  tlie  melted  lead  and  scoria 
as  they  issue  iiom  the  furnace ;  the  lead  remains  iu  the  first,  and  the  scoria 
runs  over  the  top  of  it  into  tlie  second  basin,  and  as  tliis  is  filled  with  cold 
water,  it  is  cooled,  flies  into  small  pieces,  and  is  thus  shovelled  out  and 
thrown  aside.  The  slags  before  tlioy  are  subjected  to  reduction  in  these 
furnaces,  are  either  pounded  in  a  stamping  mill,  in  order  to  recover  grains 
of  metal  which  may  happen  to  be  inclosed  in  Ihem,  or  are  simply  broken 
into  pieces  of  the  size  of  a  hen's  egg,  by  means  of  a  hammer  or  pounder. 
The  yield  of  a  reverberatory-fumace  is  equal  to,  and  sometimes  by  smelting 
rich  slags,  superior  to  that  of  the  bkst-fumace ;  2,500  pounds,  and  frequently 
more,  lead  is  smelted  in  twelve  hours.  The.  slags  obtained  are  by  no  means 
free  from  oxide  of  lead ;  it  contains  as  much  as  twenty  per  cent,  of  metal. 
Charcoal  is  in  general  use  as  fuel  in  these  furnaces. 

At  the  English  mines  the  ores  are  subjected  to  a  mechanical  purification 
before  sending  them  to  the  smelt-works.  The  crude  ore  is  assorted  by  hand, 
after  which  it  is  subjected  to  grinding  between  fluted  rollers.    When  the 
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ore,  or  a  part  of  it,  is  so  hard  as  to  injure  the  cast-iron  rollers,  it  is  sent  to 
the  stamping  mill.  Ores  wliich  are  required  to  be  very  fine  are  also  stamped, 
after  having  been  crushed  between  the  rollers.  Thus  converted  into  sand, 
it  is  washed  in  order  to  remove  gangue  and  adhering  impurities.  The  crude 
pieces  are,  in  some  instances,  sifted  and  washed  before  they  arc  crushed. 
After  the  ore  has  been  so  far  diminished  in  size  as  to  be  suitable  for  elTectnal 
washing,  it  is  sifted  into  the  tossing-tub,  or  into  the  jigging  apparatus.  This 
is  a  tub  with  water,  in  which  a  round  common  sieve  is  moved  by  hand,  and 
in  directing  that  motion  skilfully  up  and  down,  tlic  impurities  are  brought 
on  the  top  of  the  ore.  Tlie  separation  of  impurities  is  essentially  efiected 
by  hand,  the  use  of  sieves  and  water  merely  assists  this  operation.  The 
leading  object  in  this  case  is  to  force  water  through  the  meshes  of  a  sieve, 
in  which  a  couple  of  inches  of  ore  sand  is  contained ;  the  water  in  passisg 
through  the  stratum  of  ore  will  raise  tlie  hght  particles  above  the  heavr 
ones,  which  finally  form  the  lower  stratum  in  tlie  sieve.  It  is  immaterial  to 
the  success  of  the  operation  if  the  water  is  moved,  or  tlie  sieve  with  the  ore 
is  moved ;  the  fii*st  plan  has  been  successfully  resorted  to,  and  a  pump  made 
to  drive  watci  through  stationary  sieves.  The  impure  residuum  thus  obtained, 
is  subjected  io  washing  in  a  cistern,  simply  by  agitation  with  a  shovel;  or, 
the  ore  is  washed  in  a  shoii;  labyrinth. 

Wlien  the  heartli  is  formed  by  refuse,  or  slags  of  previous  smeltings,  and 
settled  by  heat,  the  ore  is  chai'ged  through  the  aperture  in  the  top,  to  the 
amount  of  twenty  hundredweights  at  once.  It  is  subjected  for  two  hours  to 
a  gentle  heat,  so  as  to  expel  most  of  the  sulphur ;  in  the  meantime  all  aper- 
tures in  the  furnace  ai*c  closed.  At  tlie  expiration  of  that  time,  the  fumace  is 
opened,  and  tlie  reduction  of  the  ore  gradually  accomplished  by  throning  in 
small  charcoal,  stiiring  tlie  mass,  and  tapping  the  metal  into  Uie  basin.  The 
slag  which  passes  out  with  the  metal  is  returned  to  the  fumace,  and  worlced 
with  the  other  slags.  \Vlien  tlie  ore  is  almost  exhausted  of  its  lead,  some 
quicklime  is  thrown  in,  a  sti'ong  heat  is  finally  given ;  and  when  all  the  lead 
which  may  be  obUiined  is  removed,  the  slags  are  drawn  out,  and  a  fresli 
charge  of  ore  is  iiiti*oduced.  From  four  and  a  half  to  five  houm  are  required 
for  tiie  extraction  of  the  metal,  after  which  the  slags  still  contain  from 
twenty  to  twenty-five  per  cent,  of  metal.  From  one-half  to  three-fourths  of 
a  ton  of  inferior  mineral  coal  is  consumed  in  smelting  a  ton  of  lead. 

The  rich  slags  produced  either  in  the  reverberatory,  or  in  the  Wast- 
fumace,  are  re-sniclted  in  tiie  slag  fumace. 

In  France  the  smelting  of  lead  ores  is  in  some  places  performed  in  rever 
beratory-fumaces,  with  the  assLstaiice  of  iron  ore.  When  tlie  crude  ore  and 
slags  in  the  fumace  are  so  far  exhausted  of  their  metal,  as  to  yield  no  more 
lead  by  the  addition  of  small  charcoal  and  increased  heat,  the  smelter  throws 
into  the  furnace  some  stamped  and  washed  sparry  iron  ore,  instead  of  lime ; 
this  amounts  to  about  ten  per  cent,  of  the  lead  ore  primarily  chai^ged.  This 
addition  stiifens  the  slag :  which  is  now  withdrawn  from  the  fiimace,  and 
subjected  to  re-smelting  in  the  slag-hearth.  Nearly  all  tlie  lead  is  obtained 
from  the  slapfs  in  this  last  operation. 
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In  Germany,  generally,  the  ores  are  purified  by  hand ;  washed,  stamped, 
and  washed  again,  and  roasted  with  salt,  or  iron,  or  iron  ore. 

The  roasted  ore  is  smelted  in  blast-famaces,  which  are  from  twelve  to 
fourteen  feet  high.  The  front  or  tpmp  of  the  furnace  is  walled  up  with 
bricks,  which  are  temporarily  put  in  with  clay  mortar.  The  width  of  the 
furnace  is  from  twelve  to  fourteen  inches  square  or  oblong.  The  hearth  or 
bottom  of  the  furnace,  is  formed  of  a  mixture  of  loam  and  charcoal  dust 
firmly  rammed  in.  The  basin  outside  of  the  tymp  contains  the  lead  which 
is  tapped  off  by  opening  a  tap-hole  communicating  with  its  bottom.  The 
slags  are  conducted  on  a  slope  to  a  basin  wherein  they  are  accumulated  for 
re-smelting. 

This  furnace  may  be  fed  either  by  charcoal  or  coke ;  the  latter  requires 
a  blast  somewhat  stronger  than  the  former,  but  in  no  case  more  than  one- 
half  or  three-fourths  pound  pressure.  A  fan-blower  is  suj£cient  for  charcoal ; 
coke  requires  a  cylinder  blast  Coke  operates  as  well  as  charcoal,  and  yields 
equally  as  much  and  as  good  metal  from  the  ore  as  the  latter.  In  working 
the  furnace,  it  is  warmed  previously  to  charging  ore,  which  is  mixed  with 
fluxes,  such  as  litliarge,  iron  ore,  calc-spar,  fluor-spar,  or  other  substances. 
Fuel  and  ore  are  charged  alternately,  as  at  any  other  blast-furnace.  The 
blast  is  generally  urged  in  case  charcoal  is  the  fuel.  The  metal,  or  metals, 
gather  below  tlie  tuyere  in  the  basin  of  the  hearth,  and  separate  into  various 
strata ;  pure  lead  and  all  the  silver  is  at  the  bottom  ;  upon  this  there  is  a 
stratum  of  alloys  of  lead  and  other  metals,  and  on  the  top  a  stratum  of  matt 
which  is  covered  by  the  poor  silicious  slags.  The  latter  may  be  carefully 
drawn  off  and  removed  without  drawing  any  matt  or  metal.  When  the  matt 
reaches  so  high  as  to  admit  very  little  slag  on  its  surface,  the  blast  is  stopped, 
the  tuyere  temporarily  closed  up,  and  the  metal  tapped  into  the  basin.  As 
the  purest  metal  is  below  the  matt,  and  the  furnace  tapped  at  the  bottom, 
this  flows  out  first;  and  when  the  drawing  is  not  hurried,  it  may  in  some 
measure  be  separated  from  the  impure  metal  and  the  matt  on  its  top. 
Generally  the  metal  is  tapped  fr^m  the  furnace  at  intervals  of  eight  hours, 
and  very  little  is  left  in  the  fhmace.  When  it  is  thus  removed,  the  hearth  is 
cleared  of  adhering  cinder  by  opening  the  tymp,  and  the  operation  goes  on 
as  before.  A  continual  blast  of  six  days  and  nights  work,  may  thus  be  made, 
after  which  the  furnace  is  cooled  and  thoroughly  repaired.  In  the  basin 
before  the  hearth,  into  which  the  metal  has  been  tapped,  and  which  is  kept 
well  heated,  the  metals  separate  again  into  different  strata,  which  may  be 
obtained  after  removing  the  cold  crust  of  slags,  as  it  forms  on  the  sur&ce. 
As  the  purest  lead  is  at  the  bottom  of  the  basin,  it  is  ladled  out  after  the 
upper  strata  of  alloy  and  matt  have  been  removed.  In  this  operation  the 
poor  slags  are  thrown  away,  and  the  rich  ones  and  matt  are  re-smelted  with 
the  ore. 

The  best  and  purest  kind  of  lead  is  smelted  in  a  peculiarly  constracted 
xeverberatorj-ftoiace,  having  strongly  slopping  hearths.  The  hearth  is 
formed  of  loam,  about  twelve  inches  thick,  into  the  sur&ce  of  which  a  layer 
of  finely  broken  slags,  about  four  inches  thiok,  is  firmly  pounded,  and 
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cemented  by  heat.  The  basin  of  the  hearth  is  about  six  inches  deep; 
towards  both  bridges  it  rises  considerably  more.  The  hearth  of  the  fomaoe 
is  about  t\yelye  feet  long,  and  eight  feet  wide.  Wood  is  used  as  fuel.  The 
operation  in  this  fiimace  is  similar  to  that  described  above,  for  other  le- 
Terberatory  furnaces.  The  ore  is  successfiillj  sweated,  roasted,  and  reduced. 
The  slags  which  remain  after  that  operation  are  reduced  in  the  blast-fumaoe. 
In  front  of  the  furnace,  as  we  haye  stated  before,  is  a  cast-iron  pan,  or  kettle, 
into  which  the  lead  is  tapped,  and  from  which  it  is  ladled  into  the  pig  moulds. 
In  these  pans  very  large  crystals  of  lead  may  be  obtained,  when  the  metal  ii 
suffered  to  cool  slowly. 

At  the  Hartz  mountains,  in  northern  (Germany,  galena  is  reduced  by  the 
assistance  of  iron  in  blast,  or  elbow-furnaces.  When  constructed  for  using 
coke,  these  furnaces  are  veiy  low,  or  not  more  than  three  or  four  feet  hi^ ; 
for  charcoal  they  are  from  eighteen  to  twenty  feet  high.  The  hearth  is 
formed  of  fine  coal  and  clay.  The  lymp  is  of  common  brick.  The  interior 
is  about  two  and  a  half  feet  by  fifteen  inches  at  the  tuyere ;  the  mouth  (top) 
is  fifteen  inches  wide  and  round.  On  the  top  of  the  furnace  is  a  labyrinthic 
succession  of  chambers,  into  which  the  dust  from  the  ore,  or  the  oxides  of 
the  volatile  metals  are  condensed.  The  mouth  is  funnel  shaped  to  prevent 
the  deposition  of  volatile  metal  near  or  below  the  mouth  of  the  furnace.  A 
hood  formed  at  the  tymp,  and  which  communicates  with  the  condensing 
chamber,  draws  in  the  vapours  of  those  metals  which  escape  at  the  tymp. 

The  ore  wliich  is  smelted  in  these  furnaces  is  always  extremely  well 
prepared,  pounded,  and  washed.  Instead  of  iron  ore,  granulated  cast-iron 
is  used  with  success.  The  ores  may  be  very  impure,  but  the  lead  is  alwajs 
obtained  in  great  purity. 

The  reduction  of  lead  ores  is  extremely  simple.  In  all  instances  of 
smelting,  a  considerable  loss  of  metal  is  experienced,  which  has  been  the 
cause  of  a  close  examination  of  the  process,  and  we  may  assert,  that  no 
metallurgical  operation  is  more  tlioroughly  and  scientifically  known,  thsn 
the  reviving  of  lead.  This  metal  is  in  most  instances  the  bearer  of  silver, 
the  bulk  of  which  is  obtained  from  lead  ores.  In  order  to  investigate  the 
cause  of  the  loss  in  lead  metal,  and  also  a  suspected  loss  of  precious  metal, 
much  labour  end  ingenuity  has  been  bestowed  on  this  subject. 

In  the  smelting  of  crude  galena  in  a  reverbcratory-fumace,  the  sulphuret 
is  at  the  commencement  of  the  operation,  deprived  of  a  part  of  its  sulphnr 
by  heat ;  metal  is  formed,  and  as  oxygen  finds  access  to  the  ore,  oxide  of 
lead,  and  consequently  sulphate  of  lead  is  also  formed.  The  proportion  of 
these  substances  depends  of  course  on  the  degree  of  care  bestowed  upon  the 
process.  When  after  two  hours  the  roasting  of  the  ore  is  so  far  completed 
as  to  admit  of  its  reduction,  the  heat  is  raised  so  high  as  to  form  a  pasty 
mass.  Oxide  of  lead  and  sulphuret  of  lead  now  mix  completely  and  fom 
metal,  sulphuret,  and  sulphate,  from  which  mixture  the  metal  parts  by  force 
of  gravitation.  In  mixing  carbon  with  the  slag,  the  sulphate  is  reduced  to 
sulphuret,  which  is  again  deprived  of  its  sulphur  by  heat  Thus,  by  alter- 
nate oxidation  and  reduction  of  the  ore,  a  certain  amount  of  metal  is 
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abstracted.  The  revival  of  lead  from  the  slag  causes  it  to  be  more  refractory 
at  the  end  of  the  operation  than  it  was  at  first,  because  the  sulphoret  or  the 
oxide  of  lead,  which  was  the  cause  of  its  fusibiUtj,  is  chiefly  removed. 
When  the  slags  are  so  pasty  as  to  inclose  grains  of  metal  which  have  not  the 
power  of  separating  by  gravity  or  cohesion,  they  cannot  yield  any  metal, 
although  the  whole  of  it  may  be  revived.  In  order  to  obtain  all  the  metal 
from  the  slag,  it  ought  to  be  at  least  as  fluid  as  the  metal  itself,  at  the  same 
degree  of  heat.  Such  a  slag  is  not  easily  obtained  without  oxide  of  lead,  or 
sulphurets  of  other  metals.  Salts  of  any  kind,  such  as  fluorides,  chlorides, 
and  sulphates,  form  the  best  auxiliaries  in  this  operation :  and  if  present 
only  in  a  small  quantity,  they  are  of  service.  Lead,  bismuth,  antimony,  and 
in  fiact  all  the  fusible  metals,  will  readily  separate  from  other  matter  than 
metals,  in  virtue  of  their  gravity  and  cohesion ;  but  it  is  a  necessary  condition 
of  their  separation,  that  the  matter  with  which  these  metals  are  combined, 
should  be  fluid.  The  metal  cannot  separate  from  a  dry  slag,  an  agglutination 
of  its  particles  is  necessary  before  it  can  subside. 

A  fluid  cinder  is  necessary  not  only  for  the  agglutination  of  the  metallic 
particles,  but  also  for  their  production.  When  a  dry  or  pulverulent  mixture 
is  mixed  with  carbon,  oxygen  may  be  abstracted  from  it  by  the  carbon ;  but 
as  the  newly-formed  particle  of  metal  is  exposed  to  the  influence  of  oxygen — 
which  it  will  absorb  from  the  products  of  combustion,  if  it  cannot  obtain  it 
in  another  form — ^it  will  oxidize  as  quickly  as  it  is  reduced.  If  metallic 
oxides,  or  sulphurets  and  slags  are  fluid,  the  addition  of  carbon  to  the  mix- 
ture will  deprive  the  oxidized  metal  of  oxygen ;  and  if  the  metal  as  well  as 
the  slags  continue  to  be  fluid,  the  latter  will  protect  the  first  against  oxygen. 
The  fluidity  of  the  slags  will  also  admit  of  the  subsidence  and  gatheiing  of 
the  metallic  particles. 

In  smelting  galena  in  a  reverberatory-fumace,  we  deprive  the  slags  gradually 
of  the  means  of  fluidity  by  abstracting  that  metal  from  them,  which  has  been 
the  cause  of  their  fusibility.  This  abstraction  can  be  carried  only  to  a 
certain  point.  When  the  slags  cease  to  be  fusible  at  the  heat  by  which  the 
metal  melts,  they  must  cease  to  furnish  metal  any  further,  however  much 
may  be  contained  in  them.  We  perceive,  therefore,  very  readily,  that  the 
quantity  of  metal  retained  by  the  slag  depends  entirely  on  its  fusibility,  and 
not  on  its  composition.  Lead,  like  the  precious  metals,  separates  easily 
firom  all  other  matter,  and  thus  far  the  composition  of  the  slags  has  little 
efiect  on  its  quality.  If,  in  operating  on  galena,  fluxes  can  be  introduced 
which  continue  the  fluidity  of  the  slags  at  a  moderate  heat,  all  the  lead,  even 
the  last  particle  of  it  may  be  obtained. 

The  fluidity  of  slags  depends  as  well  on  heat  as  on  their  composition ;  we 
may  continue  the  fluidity  of  a  slag  by  increasing  the  heat ;  this,  however 
applicable  with  some  metals,  is  not  the  fact  with  lead.  When  the  heat  on 
metals  is  raised  beyond  a  certain  degree,  they  evaporate.  In  any  smelting 
operation  therefore,  it  should  not  exceed  that  degree.  Metallic  lead,  and 
especially  oxide  of  lead,  sulphuret  and  salts  of  lead,  are  very  volatile,  and  a 
strong  heat  on  them  must  be  avoided.    It  must  be,  therefore,  the  practice  to 
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smelt  lead  by  as  low  a  heat  as  possible ;  and  in  order  to  accomplish  this,  a 
mixture  of  ore  must  be  prepared  which  affords  a  fusible  slag  withont  lead. 

Lead  combines  very  readily  with  other  substances  nnder  certain  con- 
ditions, and  in  most  instances  in  definite  proportions.  Iron  will  combine 
with  snlphur  in  all  proportions,  but  not  so  lead.  There  are  vaiioiu  combin- 
ations of  lead  and  sulphur,  which,  when  exposed  to  heat,  form  the  combinii- 
tion  which  we  recognize  in  galena.  If  less  sulphur  is  present,  metal  and 
sulphuret  are  formed.  This  accounts  for  the  revival  of  pure  lead  from  galena 
that  is  partially  roasted.  In  the  composition  of  reverberatory  and  blast- 
furnace slags,  we  find  the  means  of  detecting  the  true  conditions  nnder 
which  lead  is  smelted  most  profitably. 

A  slag  which  had  been  deprived  of  its  metal  by  a  long  continned  oper- 
ation in  the  reverberatory — sixteen  hours'  work— contained  still  13  per  cent. 
of  oxide  of  lead,  53*5  oxide  of  iron,  11'5  barytas,  and  5  sulphuret  of  lead; 
also  17  silex.  This  shows  that  the  last  particles  of  sulphur  will  adhere  to 
lead,  when  all  other  substances  are  oxidized.  A  reverberatory  slag  entirelj 
free  from  sulphur,  contained  51  sulphate  of  barytas,  10*5  sulphate  of  lime, 
1*5  fluoric  acid,  3  protoxide  of  iron,  and  34  oxide  of  lead.  A  slag  obtained 
from  impure  galena,  that  is,  an  ore  from  which  heavy  sp^r  could  not  be 
separated,  was  composed  of  30  sulphate  of  lead,  24  sulphate  of  barytas,  5*6 
gypsum,  8*5  fluoric  acid,  14*7  carbonate  of  lime,  2  sulphuret  of  lead,  56  pro- 
toxide of  iron,  8  oxide  of  zinc.  A  very  fluid  slag  which  flowed  oflf  with  the 
metal,  contained  0  sulphate  of  lead,  30  sulphate  of  barytas,  33  sulphate  of 
lime,  13*6  fluoric  acid,  88  lime,  2  oxide  of  iron,  and  2  oxide  of  zinc.  This 
contains  tlio  least  lead,  and  large  quantities  of  alkaline  salts ;  all  the  alka- 
line earths  are  combined  with  some  acid,  which  renders  the  compound  fluid. 

The  last-mentioned  slag  is  produced  from  crude  galena,  which  has  been 
merely  freed  by  hand  from  impurities,  and  for  these  reasons  we  inyite 
attention  to  it.  It  shows  a  very  rational  operation.  The  ore  is  charged  in 
tlie  furnace  in  the  common  manner,  and  reduced  so  far  as  it  will  frmiish 
metal.  When  the  slag  becomes  too  stiff  for  yielding  metal,  some  finely- 
pulverized  fluatc  of  lime  is  thrown  in  and  mixed  with  the  mass.  This 
renders  tlie  barytas  and  gypsum  fusible,  and  the  reduction  of  galena  mar 
take  place.  So  long  as  tlie  fluidity  of  the  slag  is  continued,  lead  is 
formed.  To  render  this  operation  profitable,  fluate  of  lime  should  be  used 
in  a  considerable  quantity;  but  as  this  cannot  be  obtained  always,  wc 
propose  the  substitution  of  the  chlorine  for  fluorine,  which  possesses  in 
as  high  a  degree  as  the  latter,  the  quaUty  of  fluxing  sulphates.  In  this 
instance,  gypsum  and  common  salt  may  be  pulverized  together  when 
damp.  These  form  a  very  fluid  slag  with  barytas,  lime,  iron,  and  other 
metals. 

The  following  reverberatory  slags  shows  that  lead  can  be  remored  almost 
entirely  from  the  ore,  in  oxidizing  the  mixture  completely.  A  slag  from  zinc 
ore  contained  04*5  protoxide  of  iron,  2*5  oxide  of  lead,  1  oxide  of  adnc,  2*5 
alumina,  and  295  silex.  The  iron  and  silex  here  form  the  slag.  It  must  be 
observed  that  in  precipitating  all  the  lead  from  a  slag  by  means  of  iron,  the 
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metal  will  contain  much  iron  and  be  otherwise  impure.  When  an  ore  con- 
tains much  zinc  there  is  hardly  any  other  profitable  way  of  smelting  it,  than 
to  flux  by  means  of  iron,  either  with  iron  ore  or  pyrites ;  all  or  most  of  the 
zinc,  remains  then  in  the  slag. 

The  slags  of  blast-furnaces  differ  somewhat  from  those  of  the  reverber- 
atory,  in  containing  more  silex,  and  in  most  cases,  less  lead.  A  slag  which 
was  formeil  at  a  moderate  heat,  and  considered  as  exhausted  of  lead,  con- 
tained  d4'4  oxide  of  iron,  C  6  oxide  of  lead,  7  lime,  9  sulphurct  of  iron,  a 
little  manganese  and  oxide  of  zinc,  and  348  silex.  A  slag  from  an  argenti- 
ferous galena,  contained  45*4  protoxide  of  iron,  11*2  magnesia,  2  sulphuret 
of  iron,  30  alumina,  and  30*3  silex.  The  following  proportions  show  tliat  a 
large  quantity  of  lime  is  of  no  advantage ;  25  protoxide  of  iron,  24  lime,  10*0 
zinc,  3  oxide  of  lead,  7  alumina,  28*5  silex.  The  following  is  a  profitable 
slag :  348  protoxide  of  iron,  6  8  oxide  of  zinc,  24  oxide  of  copper,  7  man- 
ganese, 6*6  lime,  *6  magnesia,  2  oxide  of  lead,  12  sulphurct  of  iron,  and  3*4 
alumina. 

When  ores  are  exposed  to  a  low  heat,  they  hardly  enter  into  any  com- 
bination with  silex,  and  of  these  tlie  oxides  only.  Sulphurets,  sulphates, 
chlorides,  fluorides,  and,  in  fact,  all  other  metallic  compounds,  do  not  com- 
bine with  silex ;  it  is  only  after  all  other  matter  is  evaporated,  that  the 
oxides  unite  with  tliat  acid.  We  may  smelt  lead  to  perfection  witliout  form- 
ing any  silicate  ;  but  this  requires  the  presence  of  a  large  quantity  of  chlorine, 
fluorine,  or  some  other  permanent  acid.  In  roasting  the  ores  before  smelting, 
we  are  deprived  of  the  advantages  resulting  from  the  fusibility  of  the  sul- 
phurets and  acids,  and  are  compelled  to  form  silicates,  because  those  sub- 
stances which  form  a  fluid  slag  in  the  low  heat  of  a  reverberatory-fumace,  eva- 
porate in  the  heat  of  a  blast-furnace  and  are  lost.  When  it  is  in  our  power  to 
form  a  fusible  slag,  eitlier  by  means  of  fluates  or  chlorides  and  sulphates,  it  is 
more  profitable  to  smelt  in  a  revcrberatory  than  in  a  blast-fuiiiace,  and  pre- 
cipitate the  lead  to  wdthin  a  few  per  cent,  in  the  first  and  only  operation. 
In  this  instance  the  pre  needs  no  crushing  and  expensive  washing,  a  removal 
of  the  coarsest  pieces  of  quartz,  and  of  the  loam,  is  the  only  labour  necessary 
to  be  performed  on  it.  The  presence  of  quartz  will  not  influence  tlie  result, 
because  when  other  acids  are  present,  it  does  not  enter  into  combiuation. 
If  no  materials  are  at  hand  to  form  a  fnsible  slag,  either  by  natural  or  arti- 
ficial means,  then  it  is  necessary  to  roast  the  ore  and  smelt  in  the  blast- 
furnace. In  this  instance,  the  oi-cs  must  be  roasted,  because  the  sulphurets 
are  very  volatile,  and  will  not  resist  the  heat  of  that  furnace.  The  most 
profitable  flux  is  the  protoxide  of  iron.  Lime  or  magnesia,  and  other  alkaline 
earths,  do  not  form  sufficiently  fluid  slags  to  used  profitably. 

When  circumstances  render  it  necessary  to  smelt  in  blastfurnaces,  the 
operation  ought  to  be  conducted  in  such  a  manner  as  to  obtain  all  the  lead 
at  one  smelting.  This  appears  sometimes  to  be  difficult,  but  it  is  not  so 
where  cheap  iron  ore  can  be  obtained  in  sufficient  quantity.  When  a  slag 
or  ore  is  to  be  exposed  to  smelting  in  &  blast-fomace,  it  ought  to  be 
thoroughly  oxidized ;  because  if  any  sulphur  is  left  in  it,  even  in  the  form  of 
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I  sulphate^  lead,  and  zinc,  are  the  first  to  evaporate.  Lime  does  not  remove 
sulphur,  but  combines  with  it,  like  all  other  alkalies.  Iron,  because  it 
absorbs  sulphur,  and  as  e&sily  parts  with  it,  is  the  most  suitable  substance 
to  mix  with  the  sulphureous  ore  for  the  purpose  of  oxidation;  it  forms  a 
fluid  slag  at  quite  a  low  heat  with  silcx,  and  is  thus  fax  the  best  flux  in  the 
blast-furnace.  Manganese  serves  equally  as  well  as  iron,  and  may  be  sub- 
stituted for  it ;  but  no  other  metallic  oxide  can  be  substituted  for  these  two. 
When  sulphurets  of  lead  are  roasted  in  the  air,  they  are  never  entirely 
liberated  from  sulphur ;  the  most  carcfuUy  roasted  lead  ore  contains  sulphur. 
Galena  roasted  with  extreme  care«  in  a  heap,  contained  18  oxide  of  lead,  86 
sulphate  of  lead,  and  10  sulx)huret  of  lead.  The  same  galena  roasted  during 
seven  hours  in  a  reverberatory,  formed  metaUic  lead,  and  the  roasted  ore 
powder  consisted  of  30  oxide  of  lead,  46  sulphuret  of  lead,  17  metalUc  lead, 
and  7  iron  oxide  and  silex.  When  other  metals  are  present  besides  lead, 
such  as  iron,  zinc,  and  others,  they  are  oxidized  before  all  the  sulphur  is  re- 
moved. A  persevering  roasting  of  ten  or  twelve  hours  in  a  reverberatory- 
furnace,  \\ill  remove  much  of  the  sulphur;  but  from  eight  to  ten  per  cent,  of 
sulphate  of  lead  remains  in  all  instances.  The  presence  of  a  large  quantity 
of  silex,  say  twenty* five  per  cent,  of  the  ore,  is  the  best  means  for  the 
removal  of  sulphur.  From  such  ore  tlie  last  trace  of  sulphur  may  be  re- 
moved in  the  reverberatory-furnace,  or  in  roasting  it  in  the  open  air.  It 
would  not  make  any  ditl'ercnce  by  what  means  sulphur  is  removed  in 
roasting,  and  silcx  might  serve  quite  as  well  as  iron,  if  it  could  be  removed 
advantageously  before  bringing  the  ore  or  slag  into  the  blastfurnace. 

In  practice  at  the  furnaces,  we  find  the  above  principles  operate  imder 
forms  modified  by  local  circumstances.  The  smelters  at  a  reverberatoxy- 
furnace  alternately  cool  and  heat  tlie  furnace,  in  order  to  oxidize  and  reduce 
by  means  of  granulated  coal.  A  fluid  slag  cannot  quickly  oxidize ;  it  is  like 
melted  metal  in  tliis  respect ;  tliere  are  no  points  of  contact  for  the  oxygen. 
The  drying  up  of  the  slags,  l?j  cold  or  drying  flux,  such  as  lime,  faciUtates 
the  oxidation  of  the  sulphuret.  The  best  plan  is  to  run  the  metal  and  slags 
out  continually,  the  fii-st  into  a  heated  iron  pan,  the  latter  over  damp  char- 
coal-dust. This  mode  of  operation  causes  oxidation  quicker  than  any  other. 
When  the  slag  is  cooled,  it  may  be  recharged  or  rcser\'ed  for  the  slag-furnace. 
Slack  coal  should  never  be  mixed  with  the  slag  for  reduction ;  a  granulated 
coal  assists  in  forming  loi'ge  globules  of  metal ;  it  aflbrds  points  of  oxidation 
for  the  slag,  and  does  not  stifien  it  so  much  as  find  coaL  When  litharge  is 
reduced  in  a  reverberatory,  it  does  not  work  well  if  both  coal  and  Utharge 
are  fine;  this  is  not  from  want  of  affinity  or  otlier  secret  causes.  The 
powdered  mass  does  not  admit  of  the  formation  of  a  large  globule  of  metal, 
or  of  motion  in  the  fiuid  metal,  which  is  necessary  for  agglutination.  And 
as  oxide  of  lead,  particularly  when  mixed  with  a  refractory  substance,  does 
not  melt  at  so  low  a  heat  as  metaUic  lead,  the  whole  must  be  heated  until 
the  mixture  of  oxide  and  coal  begins  to  become  fluid,  and  admits  of  the  sub- 
sidence of  the  metal.  Litliarge  is  easily  reduced  in  the  reverberatory-fumace. 
A  charge,  consisting  of  one  ton  of  Utharge,  may  be  smelted  in  one  and  a  half 
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or  two  hours,  when  in  a  granuhited  form ;  biit  when  finely  ground  litharge 
or  fine  coal  is  used,  twice  as  much  time  is  required.  When  the  heat  must 
be  urged  so  high  as  to  melt  the  litharge,  the  process  is  slow.  We  find  the 
principle  of  the  operation  here  to  be  different  from  that  of  smelting  ore ;  if, 
in  the  latter  case,  we  work  the  ore  dry,  as  litharge,  we  produce  but  little 
metal.  The  cause  of  this  is  plain ;  there  are  impurities  and  metal  in  close 
contact  in  the  ore,  and  no  large  globule  of  metal  can  be  formed,  because  the 
foreign  matter  interposes  between  the  particles  of  metal. 

The  conditions  under  which  successful  smelting  may  be  performed,  are 
therefore  very  plain.  A  fluid  slag  is  in  all  cases  required  where  impure  ore 
is  to  be  smelted ;  pure  ore  or  litharge,  may  be  worked  more  dry  than  impure 
ore.  Fusible  slag  may  bo  produced  by  a  variety  of  means,  of  which  heat  is 
the  most  available,  but  not  the  most  profitable.  High  heat  causes  a  loss  of 
metal  by  evaporation ;  it  brings  foreign  metals  into  the  lead,  which  are 
injurious  to  its  quality.  Lead,  and  in  fact  all  other  metals,  ought  to  be 
smelted  at  the  lowest  heat  by  which  they  can  be  melted.  A  low  heat 
will  produce  the  best  metal  in  all  instances,  and  as  that  kind  of  work 
demands  less  fuel  and  labour,  too  much  attention  cannot  be  bestowed  no 
this  subject.  Fusible  slag  should  be  formed  by  means  of  fluxes,  not  by 
heat,  which  will,  in  most  instances,  remove  those  ingredients  which  cause 
fluidity.  Protoxide  of  iron,  which  is  most  successfully  formed  of  powdered 
hematite-ore  and  carbon,  forms  readily  a  fusible  slag,  in  the  presence  of 
chlorine,  fluorine,  sulphuric,  phosphoric,  or  any  other  acid ;  but  these  acids 
are  soon  evaporated  by  a  strong  heat. 

Smelters  dislike  the  use  of  much  iron  in  a  reverberatory,  as  well  as  in 
the  blast-furnace,  because  in  its  most  fluid  condition,  it  acts  upon  the  stones, 
bricks,  and  slags,  of  which  the  hearth  is  formed,  and  causes  their  premature 
destruction.  When  the  work  is  done  on  a  fine  charcoal  or  coke  hearth,  in 
the  presence  of  much  iron,  it  is  reduced  with  the  lead,  and  impairs  its 
quality.  We  recommend  for  these  reasons,  for  smelting  lead,  the  application 
of  cooled  boshes,  and  cold  cast-iron  bottoms,  such  as  are  used  in  puddling- 
furnaces.  In  the  slag-hearth  and  blast-furnace,  iron  plates  are  generally 
used  below  the  tuyere,  and  are  lined  with  clay  or  coal-dust ;  but  both  these 
materials  for  linings  are  injurious  as  well  to  the  quality  of  the  mietal  as  to 
the  yield.  There  cannot  be  any  disadvantage  in  surrounding  a  slag- hearth 
with  cooled  iron  plates,  similar  to  a  run- out  fircf  for  refiniug  iroa.  A  little 
more  fuel  may  be  used  in  smelting,  but  a  more  fluid  cinder  can  then  be 
employed  than  in  any  furnace,  which  of  course  tends  to  economize  fuel ;  and 
causes  a  purer  article  of  metal.  Furnaces  of  this  kind  were  used  in  the 
State  of  New  York,  and  worked  successfully.  The  hearth-plates  were  cooled 
by  the  blast. 

At  the  smelting-fumaces,  particularly  at  those  where  the  operation  is 
performed  at  a  high  heat,  a  white  smoke  is  thrown  out  at  the  tymp,  or  at 
the  top  of  the  furnace ;  this  may  be  gathered  in  condensing  chamben. 
Similar  chamben  may  be  annexed  to  rererberatoxy-fiixnace.  This  white 
smoke  contains  those  metals  which  are  in  the  ore.    A  reddidi  dust  from  a 
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reverberatory-fumace  contained,  1 1  oxide  of  load,  60  sulphate  of  lead,  2  anen- 
ious  acid,  15  oxide  of  zinc,  12  oxide  of  iron.  "When  there  is  much  zinc  in  the 
ore,  and  it  of  coarse  evaporates,  a  large  quantity  of  silver  is  carried  away 
by  it.  Iron  and  coal  are  generally  the  colouring  matters  in  the  body  of 
these  deposits.    It  is  always  found  to  be  chiefly  oxide  and  sulphate  of  lead. 

Ohemleal  Svamiary. — The  minerals  firom  which  metals  are  extracted, 
consist  in  most  instances,  of  chemical  compounds  of  the  metal  with  various 
other  substances ;  consequently,  the  process  by  means  of  which  the  metals 
are  extracted  fi'om  their  ores,  are,  generally  speaking,  chemical,  and  consist 
in  the  decomposition  of  the  compounds  constituting  the  ores,  together  with 
the  production  of  other  compounds  in  which  the  substance  to  be  separated, 
does  not  constitute  a  part.  One  of  the  essential  conditions  of  this  chemical 
change  is  that  one  or  both  of  the  substances  should  be  in  the  liquid  or 
gaseous  state. 

Metallic  ores  might,  therefore,  be  decomposed  by  being  subjected  to  the 
action  of  certain  gasses  or  Hquids,  and  in  some  cases  this  is  done ;  but  the 
general  practice  is  to  transform  the  ore  itself  into  the  liquid  state  by  fusion. 
In  both  cases  a  temperature  approaching  redness  is  necessary  for  the  pro- 
duction of  the  desired  change,  and  consequently  this  method  of  operating  is 
technically  called  tlie  "  dry  way,"  voce  seche,  trochnm  tcege,  while  the  treat- 
ment of  ores  with  aqueous  hquids  is  called  the  *'  wet  way."  There  is,  how- 
ever, scarcely  any  essential  difference  between  the  processes  set  up  in  both 
methods  of  operation,  for  in  both  cases  it  is  heat  which  determines  the 
mobility  of  tlie  particles  of  a  gas  or  a  liquid,  the  only  difference  being  that 
some  substances  are  liquid  or  gaseous  at  the  ordinary  atmospheric  tempera- 
ture, while  others  acquire  this  state  only  at  more  elevated  temperatures. 
Nevertheless,  there  is  a  practical  advantage  in  classing  metallurgical  oper- 
ations under  the  two  heads  of  the  dry  and  wet  methods. 

The  nature  of  the  operations  by  which  metals  are  extracted  from  their 
ores,  depends  upon  the  chemical  nature  of  the  metal  to  be  extracted. 

The  mctaUic  ores  which  are  most  trequent  and  abundant,  have  generally 
the  following  composition : — 

1.  Oxides. — This  is  the  most  frequent  state  in  which  metals  occur. 

2.  Sulphides, — This  is  the  general  composition  of  ores  of  copper,  lead, 
antimony,  and  in  part  of  silver  and  zinc.  These  ores  bear  the  names  of 
pyrites,  glance,  or  blende.   " 

3.  Arsenides  constitute  but  an  unimportant  part  of  metallic  ores. 

4.  Metallic  salts ;  the  most  frequent  being  carbonates,  including  the 
spathic  ores  of  iron,  zinc,  lead,  and  copper ;  but  as  these  compounds  may  be 
deprived  of  their  carbonic  acid  by  ignition,  their  metallurgical  treatment 
coincides  with  that  of  the  oxides.  Other  metallic  salts,  such  as  sulphates, 
phosphates,  arsenates,  and  silicates,  are  only  of  rare  occurrance  as  ores. 

These  minerals  do  not  occur  in  a  state  of  purity  to  such  an  extent  as  is 
requidte  for  the  extraction  of  the  metals.  Most  ores  are  rather  associated 
with  ores  of  other  metals,  from  which  they  cannot  be  separated  by  mechanical 
means,  as  for  instance,  copper  pyrites,  galena,  or  blende ;  or  they  contaui 
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several  metals ;  for  instance,  copper  and  lead  in  boumonite,  lead  and  silver 
in  galena.  Hence  it  follows  that  in  the  first  instance,  ores,  when  melted 
frequently  yield  products  which  require  to  be  subjected  to  special  operations 
for  the  separation  of  the  metals  they  contam. 

A  still  more  important  circumstance,  is  the  association  of  metallic  ores 
with  minerals  that  do  not  contain  metals,  and  which  constitute  the  matrix  in 
which  the  ore  is  imbedded.  These  admixtures  can  rarely  be  separated 
mechanically,  and  indeed  are  sometimes  very  serviceable  in  the  smelting 
operation. 

Smelting. — ^While  the  chemical  changes  which  ores  and  metallurgical 
products  undergo  in  roasting,  are  effected  by  the  action  of  certain  gases  upon 
the  solid  compounds  of  the  metal ;  the  chemical  processes  that  take  place  in 
smelting  operations,  consist  in  the  reaction  of  the  ore  with  other  substances 
while  in  a  liquid  state.  The  object  of  the  smelting  operation,  is  always  to 
effect,  or  approach  near  to  the  separation  of  the  substances  combined  or 
mixed  with  the  metal,  and  to  obtain  this  in  a  state  of  regulus.  The 
mere  chemical  elimination  of  the  metal  would  be  of  little  sor/ice  in  practical 
metallurgy,  unless  it  were  effected  under  such  conditions  as  would  admit  of 
its  mechanical  separation  from  the  other  products  of  the  operation.  In  all 
smelting  operations,  there  is  such  a  mechanical  separation  of  two  or  more 
substances  in  layers,  one  above  the  other.  The  composition  of  these  several 
layers,  will  at  once  be  evident  from  the  composition  of  the  materials  operated 
upon.  As  a  general  rule,  these  will  contain  certain  admixtures,  consisting 
in  part,  of  siUcates  of  the  earths  and  alkalies ;  in  part  also,  of  quartz,  lime- 
stone, &c.  These  substances  are  generally  infusible,  or  fusible  only  at  very 
high  temperatures,  so  that  it  is  necessary  to  convert  them  into  a  state  in 
which  they  may  be  smelted.  This  is  effected  by  fusing  ^vith  the  ore  other 
substances,  which  will  combine  with  those  that  are  to  be  separated,  and  in 
the  fusion,  give  rise  to  the  production  of  a  vitreous  mass  called  tilag.  Even 
when  the  ore  consists  entirely  of  a  metallic  oxide,  it  is  always  advisable  in 
practice  to  mix  it,  according  to  its  nature,  other  substances  which  contribute 
to  the  production  of  slag,  because  by  this  means  the  fusion  is  facilitated,  and 
the  surface  of  the  reduced  metal  is  protected  by  the  slag  from  the  oxidizing 
action  of  the  air  passing  through  the  siurface. 

The  slags  produced  in  metallurgical  operations  are  essentially  com- 
pounds of  siUca  with  earths,  chiefly  lime,  magnesia,  and  alumina,  or  with 
metallic  oxides,  such  as  protoxides  of  iron,  or  of  manganese.  They  also  con- 
tain in  some  instances,  alkalies,  baryta,  oxides  of  zinc,  copper,  or  lead,  small 
amounts  of  fluorine  and  sulphur  compounds,  phosphates,  and  sulphates,  and 
sometimes  granules  of  reduced  metal,  or  other  products  of  the  smelting 
operation. 

These  compoimds  belong  to  the  class  of  oxygen  salts,  and  are  analogous 
to  the  siliceous  minerals  which  constitute  rocks.  The  silica  in  these  sub- 
stances is  a  compound'of  silicum  with  three  equivalents  of  oxygen  (SiO'}, 
and  has  the  fdnctions  of  an  acid.  At  high  temperatures  silica  displaces  all 
acids  that  are  volatilizable,  and  unite  with  the  bases  they  were  combined 
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with.    It  also  combines  irith  moHt  bases  in  several  difTercnt  proportjomi; 
tliosD  EJlicates  being  regarded  ns  nentnd  siilta.  in  which  the  propoitioii  o( 
oxyscn  in  the  base  ii  to  tliat  in  the  aci<l.  ns  1   :  3;   and  those  silicates 
^liich  tlio  proportions  are  different   from  tliis,  being  called  ftdd  or  b> 
according  to  the  preponderance  of  silica  or  of  base. 

In  wJr"  'ui'l'ld.  GlOPrtl  Fonauln;  of  SHictw. 

1         ;         3        neutral  ailicala    ItO    SiO'  or  11=0'  SSiO^  n 
1         :        'i   \  3RO,2SiOi  or  n'0»,2SiO»  4 

1  lij    b«Bic  (ilictttM  2R0,  SiO^  or  ll'0»,3Si<P  * 

I        :         I   )  {3R0)  SiO»  or  B>0>,  SiO>  4 

Since  the  foubilitj  of  slog  is  a  chitraetcr  of  great  importance  in  refereitM 
to  the  Binolting  of  ores :  and  since  this  character  is  portly  determined  bj  the 
nature  of  the  bases,  and  partly  by  the  proportion  in  which  it  is  combiDed 
ndth  the  silica,  it  is  destrnble  that  the  metallurgist  should  be  aajaaialed 
witliUie  fusibility  of  the  rarioos  silicates  of  those  bases  whicli  are  usully 
present  in  motallie  ores. 

The  invesUgationa  that  have  been  made  in  reference  to  this  point,  thaw 
that  among  the  cfilcareons  silicalea,  that  which  is  rcpregenled  by  Iho  symbolic 
formula  SCaO,  aSiC.  is  the  most  fusible  ;  the  netitnU  silioate  CaO,  SiO=  is 
s  fiiaible.  and  the  others  are  almost  infusible.  The  amount  of  lime  in  the 
fiisiblo  silicate  of  lime,  varies  from  twenty  five  to  forty-scTCn  per  cent. 

The  magnosian  silicates  are  fusible  only  at  very  high  lemparftturcB.  ud 
those  corresponding  with  the  above  formuhe,  are  at  the  most,  only  softened. 
Aluminous  uilioates  are  probably  quite  infusible. 

AH  double  silicates  are'more  fusible  than  the  simple  silicntes.  aiid  nnyia- 
fusible  silicate  may  be  dissolved  by  some  other  silicate  in  a  melted  state. 
Thus,  for  instance,  tlie  substances  represented  by  the  symbolic  formube  3C»0, 
aSiO"  +  SMgO,  aSiO^  (.^CaO),  Si'  +  jU'O^SiO'.  are  both  tolerably  fnsibl*, 
and  even  the  corresponding  compound  of  magncsion  and  aluminous  silicates 
may  be  melted. 

The  compounds  of  silica  with  the  protoxides  of  iron  and  monganesf, 
corresponding  with  the  formulie  n  and  h,  nro  very  fusible  substances,  but  Ilia 
compoujids  of  silica  witli  peroxide  of  iron  are  stated  to  bo  infusible. 
Plattner  has  estimated  the  melting  point  of  some  slogs  as  follows ;— 

Skg  from  iron  >mellLnK  in  (  3CttO,  2SiO'  +  Al'0'SiO>  contain-  1  „,„„, ,:.  . 

abafl-f»rut,ce  |  ing  thrro  p^r  cent,  protoxide  oCiron  1  ^^^  ^'^■ 

Slag  from  iron  smelting  in  f  (CO,  MgO)  fSiO'AlW)  1  ,  .,„  -  , 

(3[3E0,  SiO*]  +  A1=0>  aSiOa  "con-  ( 
Slflg  &om  lend  smtlling-       j  tnining  lime,  maBncain,  pnitoiide  of  j  9103*  Fall. 

( iron,  mid  1-6  per  wot.  oiide  oflcad  ( 
Slag  from  copper  nncltiag  (        4[3FcO,  SiO'  -f  A1=0>  SiO>]       {  2(40'  Fah. 
Tlie  following  melting  points  of  metals  will  serve  for  comparison  :— 
Silver  ia73'  Fah. 

Oold    .  2015°  Fob. 

Copper  214S"Fah. 

PUtinum  .  4693'  Fall. 


r 


CHEMTCAL  OOMPOSITION  OF  8LA08.  625 


The  mode  of  solidification  is  another  important  character  of  slags.  The 
slags  consisting  chiefly  of  silicates,  corresponding  with  the  general  formula  df, 
are  very  liquid  when  melted,  and  sohdify  rapidly ;  those  corresponding  with 
the  formula  a  and  b  are  viscous  when  melted,  and  solidify  much  more 
slowly. 

Although  slags  are  in  all  instances  to  he  symholed  as  chemical  compounds 
of  silica  with  hases,  it  is,  nevertheless,  possible  that  a  slag  may  consist  of  a 
mixture  of  several  distinct  silicates,  since  both  the  simple  and  double  silicates 
are  miscible  in  all  proportions  when  melted,  and  since  the  cooling  of  the  slag 
takes  place  too  rapidly  to  admit  of  a  separation  of  the  different  silicates 
which  it  may  contain  this  is  in  fact  the  most  frequent  case,  slags  con- 
sisting as  a  whole  of  a  distinct  chemical  compound,  being  of  rare  occurrence. 
It  is  only  the  slags  which  contain  but  one  base,  such  as  the  ferruginous  slags, 
consisting  of  protoxide  of  iron  which  consists  entirely  of  one  silicate,  and  even 
these  are  sometimes  mixed  with  other  substances ;  thus,  for  instance,  the 
slag  obtained  in  refining  iron,  is  a  mixture  of  silicate  of  iron  (3FeO)SiO'  with 
oxide  of  iron  FeO,  Fe'O'  in  variable  proportions. 

Slags  are  either  vitreous  or  stony,  and  in  the  latter  case  they  are  not  un> 
frequently  more  or  less  crystaUine. 

The  amorphous  slags  in  their  most  perfect  state,  appear  as  true  glasses, 
and  are  transparent  when  they  do  not  contain  metallic  oxides  in  large 
amount.  Their  fracture  is  conchoidal,  and  the  structure  the  same  in  sdl 
directions.  This  class  of  slags  comprises  many  that  must  be  regarded  as 
mixtures,  and  for  that  reason  have  not  a  ciystalline  structure.  But  all 
vitreous  slags  are  not  of  this  kind,  this  peculiarity  of  structure  being  some- 
times the  result  of  rapid  cooling. 

The  stony  slags  are  likewise  either  mixtures  or  definite  compounds.  It 
is  the  latter  kind  only,  that  are  crystalline. 

Every  well  conducted  melting  operation  involves  the  production  of  a  slag 
possessing  a  certain  constant  composition  and  uniform  degree  of  fusibility ; 
and  any  development  of  the  requisite  conditions  becomes  evident  in  the  pro- 
duction of  abnormal  slags.  When  the  chemical  nature  of  the  ore  is  known, 
it  is  generally  easy  to  prepare  the  charge,  so  as  to  answer  the  success  of  the 
oi>eration  by  a  due  regard  to  the  general  principles  already  stated  in  refer- 
ence to  the  fusibility  of  the  silicates. 

The  object  of  the  most  important  melting  operations  in  metallurgy,  being 
to  efiect  the  reduction  of  a  particular  metallic  oxide  at  the  lowest  possible 
temperature ;  and  at  the  same  time,  the  separation  of  the  substances  mixed 
with  the  ore,  by  converting  them  into  a  fusible  slag.  The  degree  of  fusibility 
requisite  for  the  slags,  will  therefore  depend  upon  the  temperature  at  which 
the  oxide  is  reduced ;  the  lower  the  temperature  the  more  fusible  must  the 
slag  be.  Hence  one  of  the  most  important  conditions  to  be  secured  is,  that 
the  charge  may  contain  such  substances  as  will  contribute  to  the  production 
of  slag,  and  in  such  proportions  that  the  slag  will  have  the  proper  degree  of 
fusibility.  At  the  same  time,  the  slag  must  never  be  so  fusible  as  to  melt 
at  a  lower  temperature  than  that  at  .which  the  oxide  is  reduced,  for  in  that 
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case  a  portion  of  the  oxide  would  be  dissolyed  by  the  slag,  inyolying  a  coxies- 
ponding  loss  of  metal. 

Imperfectly  melted  slags  always  present  a  kind  of  granular  firacture,  and 
are  produced  when  the  charge  is  not  properly  prepared,  when  either  silica  or 
lime  preponderate,  or  when  the  amount  of  alumina  or  magnesia  is  very  large. 
They  may  also  be  produced  when  the  quantity  of  fuel  is  too  smaU  in  propor- 
tion to  that  of  the  charge,  and  when  consequently  the  temperature  produced, 
is  not  sufficiently  high  to  effect  the  proper  fusion.  When  the  proportion  of 
base  is  too  small,  there  may  be  a  loss  of  metal,  owing  to  the  oxide  being 
dissolved  by  the  slag,  and  taking  the  place  of  the  deficient  base. 

The  ore  sometimes  contains  metallic  sulphides,  which  collect  in  a  homo- 
genous mass  called  **  metal "  or  matte,  and  in  other  cases  slag,  metal  and 
regulus  are  produced  together.  The  slag  always  forms  the  upper  layer,  the 
regulus  is  always  at  the  bottom,  and  the  metal  between  the  two.  Sometimes 
a  fourth  layer  is  produced,  containing  a  large  amount  of  arsenic  or  antimony, 
and  called  **  speiss." 

The  melting  operation  is  generally  conducted  in  a  shaft-furnace  or  rever- 
beratory-fumace ;  in  the  former,  the  charge  is  in  direct  contact  with  the 
fuel ;  in  the  latter,  it  is  acted  upon  only  by  the  heated  gases  produced  by 
combustion. 

In  most  melting  operations  the  chief  chemical  process  consist  in  the 
abstraction  of  oxygen  from  some  oxide  or  oxidized  compound  of  a  metal,  or 
as  it  is  technically  termed,  the  reduction  of  the  metalliferous  substance.  The 
reducing  substances  usually  employed,  are  carbon  in  the  state  of  coal,  char- 
coal, &c ;  also  carbonic  oxide,  carbonetted  hydrogen  and  hydrogen,  which  an 
generated  by  the  partial  combustion  of  the  fuel,  and  by  the  action  of  heat 
upon  it.  At  high  temperatures  carbon  abstracts  oxygen  from  all  metallic 
oxides  iliminating  the  metal  and  producing  carbonic  oxide.  Metallic  oxides 
differ  considerably  in  this  respect,  some  being  reduced  with  great  ease  at 
low  temperatures,  even  without  the  aid  of  carbon  or  any  other  substance 
to  combine  with  tlie  oxygen ;  others,  again,  require  to  be  subjected 
to  the  action  of  the  most  intense  heat,  and  the  most  powerful  reducing 
agents. 

The  mode  in  which  the  reduction  takes  place,  is  not  in  all  cases  the 
same ;  when  the  oxygenous  substance  is  readily  fusible,  there  is  an  intimate 
contact  between  it  and  the  coal,  as  in  the  reduction  of  oxide  of  lead  or  of 
bismuth ;  but  when  that  substance  is  not  fusible,  the  contact  is  slight,  even 
when  it  and  the  coal  are  finely  powdered,  and  the  reduction  would  be  only 
partial  if  another  favourable  circumstance  did  not  determine  the  contrary. 
The  oxygen  of  the  atmospheric  air  filling  the  interstices  of  the  mass,  com- 
bines with  the  carbon  present  in  excess,  producing  carbonic  oxide,  which 
coming  in  contact  with  the  oxygenous  ore,  effects  its  reduction,  and  by 
abstracting  its  oxygen,  is  converted  into  carbonic  acid.  For  the  production 
of  the  carbonic  oxide  requisite  for  the  complete  reduction  of  the  ore,  it  is  not 
essential  that  there  should  be  a  continued  supply  of  fresh  atmospheric  air, 
because  the  carbonic  acid  in  contact  with  red  hot  fuel,  is  again  converted 
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into  carbonic  oxide,  which  reduces  a  fresh  portion  of  oxide,  and  thus  serves 
to  abstract  the  oxygen  from  the  whole  of  the  ore. 

In  this  way  the  reduction  of  metallic  oxides  which  are  not  easily  melted, 
may  be  effected  in  closed  vessels  by  means  of  coal.  It  is  not  until  after  the 
reduction  has  been  effected,  that  the  fusion  of  the  metal  takes  place. 

It  has  already  been  remarked  that  ores  contain  various  admixtures, 
which  are  either  basic — like  the  earths,  or  acid — like  silica,  in  their  chemical 
relations,  and  consequently  the  substances  to  be  added  to  an  ore  in  preparing 
the  charge  for  the  melting  operation,  will  depend  upon  the  nature  of  these 
admixtures.  Thus,  siliceous  ores  require  an  addition  of  base ;  calcarious 
ores  an  addition  of  silica,  &c.  The  substances  that  are  most  generally  used 
for  this  purpose  are  silica,  in  the  state  of  quartz,  sand,  &c. ;  carbonate  of 
lime  in  the  state  of  limestone,  or  dolomite,  fluor  spar,  or  slags  from  previous 
operations. 

Slags  are  employed  in  melting  operations,  chiefly  on  account  of  their 
solvent  action  upon  certain  metallic  oxides.  The  kind  of  slag  to  be  used 
will  depend  upon  the  nature  of  the  substance  to  be  separated  in  the  fusion. 
It  is  chiefly  for  the  purpose  of  separating  the  oxides  of  iron  produced  in  the 
roasting  of  certain  ores,  from  other  metallic  oxides  with  which  they  are 
associated,  that  the  solvent  action  of  slags  is  taken  advantage  of  in  metollur- 
gical  operations.  Thus,  for  instance,  when  a  mixture  of  peroxide  of  iron, 
suboxide  of  copper,  and  a  slag  corresponding  with  the  formula  b  or  J,  is 
melted  under  conditions  that  effect  reduction ;  the  peroxide  of  iron  will  be 
reduced  to  protoxide,  and  then  dissolved  by  the  slag,  while  the  reduced 
copper  will  collect  as  a  regulus  under  this  slag.  In  similar  cases  all  oxides 
that  are  not  easily  reduced,  will  behave  like  peroxide  of  iron,  and  those  that 
are  readily  reduced  will  behave  like  oxide  of  copper.  It  may  indeed  be 
regarded  as  a  general  rule  that  when  a  mixture  of  oxides  that  are  unequally 
reducible,  with  a  slag  containing  a  certain  amount  of  silica,  is  melted  under 
circumstances  that  determine  reduction,  the^less  reducible  oxides  are 
dissolved  by  the  slag,  while  the  more  reducible  oxides  are  deprived  of  their 
oxygen  entirely,  and  the  metal  obtained,  a  regular  proportion  of  this  result 
requires  that  tiie  slag  should  be  present  in  a  certain  production,  and  that  its 
melting  point  should  be  between  that  of  the  different  oxides.  When  there 
is  not  sufficient  slag  to  dissolve  the  whole  of  the  protoxide  of  iron,  a  portion 
would  be  reduced  to  metal,  and  the  slag  was  fusible  at  a  temperature  [lower 
than  that  at  which  the  suboxide  of  copper  is  reduced,  a  portion  of  this  oxide 
would  be  dissolved  by  the  slag  and  its  reduction  prevented,  while  if  the  pro- 
toxide of  iron  was  reduced  at  a  temperature  lower  than  that  at  which  the 
slag  melted,  the  regulus  would  contain  a  considerable  amount  of  iron. 

Metallic  lead  is  sometimes  employed  as  a  solvent  in  a  similar  manner. 
When  this  metal  is  melted  with  auriferous  or  argentiferous  sulphides ;  it 
dissolves  the  gold  or  silver,  sulphide  of  lead  being  produced,  and  gold  or 
silver  is  eliminated,  while  there  is  scarcely  any  reaction  of  a  similar  kind 
between  me  tallic  lead  and  the  sulphides  of  iron  or  of  copper.  By  this  means, 
therefore,  auriferous  or  argentiferous  lead  is  obtained  as  the  product  of  the 
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fusion,  together  with  a  matte  of  sulphide  of  iron,  or  of  copper,  which  on 
account  of  the  inferior  density  of  these  substances,  collects  upon  the  top  of 
the  lead. 

Some  sulphides  also  serve  for  the  extraction  of  gold  or  silver  from  melted 
ores,  thus  for  instance,  sulphide  of  iron,  iron  pyrites,  or  magnetic  pyrites, 
that  contained  only  a  small  amount  of  silver,  and  which  when  melted  alone, 
would  yield  slags  that  contained  a  very  considerable  proportion  of  the  silyer, 
dissolves  almost  the  whole  of  the  silver  as  sulphide. 

There  is  another  purpose  which  metals  serve  in  some  melting  operations; 
this  is  the  decomposition  of  sulphides,  and  the  elimination  of  one  metal,  by 
another  metal  whose  sulphide  is  more  stable  imder  the  circumstances.  Thus 
when  sulphide  of  lead  is  melted  with  metallic  iron,  the  sulphur  is  transferred 
from  the  lead  to  the  iron,  and  the  lead  is  obtained  as  a  regulus.  Iron  is  the 
only  metal  which  is  used  for  this  purpose  in  metallurgy ;  consequently  the 
relation  of  iron  to  sulphides  is  especially  of  practical  interest. 

The  results  of  Foumets's  experiments  on  the  reaction  between  sulphides 
and  metals,  may  be  generally  expressed  as  follows : — 

Of  the  sulpliides  of  copper,  iron,  tin,  zinc,  lead,  silver,  antimony,  and 
arsenic.  Sulphide  of  copper  is  most  stable,  and  sulphide  of  arsenic  the  least 
so ;  the  other  members  of  the  series  differing  in  this  respect,  according  to 
their  position.  Any  two  of  the  metals  which  are  next  to  each  other  in  this 
series,  do  not  abstract  from  the  sulphide  of  one  of  them  the  whole  of  the 
sulphur ;  but  tlie  abstraction  of  sulphur  from  the  sulphides  of  this  metal,  is 
effected  most  completely  by  this  more  remote  proceeding  member  of  the 
series. 

The  metals  of  the  alkalies  and  alkaline  earths,  are  the  most  effectual  in 
abstracting  sulphur  from  metallic  sulphides.  The  influence  of  the  metals  is 
exercised  when  their  oxides  are  ignited  together  with  carbon  in  some  state, 
and  a  metaliic  sulphide.  By  this  means  the  alkaline  metal  is  eliminated  by 
the  carbon,  and  thus  exercises  its  desulphurizing  action  upon  the  metallic 
sulphide,  giving  rise  to  the  production  of  a  regulus  and  an  alkaline  sulphide. 
Very  frequently  the  whole  of  tlie  metallic  sulphide  is  not  decomposed,  a 
portion  of  it  being  dissolved  by  the  alkaline  sulphide  produced.  When  the 
melting  is  made  without  coals,  a  regulus  is  still  obtained,  and  at  the  same 
time  a  metallic  sulphate  of  oxide  is  produced  by  the  action  of  the  oxygen  of 
the  alkali  upon  the  metallic  sulphide.  At  the  same  time  a  considerable 
portion  of  the  metallic  sulphide  is  dissolved.  When  an  alkaline  or  earthy 
carbonate  is  used,  the  decomposition  is  still  less  complete.  Thus  sulphide 
of  copper  melted  with  carbonate  of  potash  is  not  all  decomposed,  but  when 
melted  witli  caustic  potash  it  is  decomposed.  However,  when  carbon  is 
added,  the  same  effect  is  produced  with  the  carbonates  as  with  the  caustic 
alkalies  or  earths. 

Oxidation  is  another  feature  of  the  melting  operation,  which  is  frequently 
important  in  metallurgical  practice,  inasmuch  as  it  is  a  means  by  which 
substances  that  are  readily  oxidized,  may  be  separated  from  otiiers  which 
are  less  readily  oxidized,  more  especially  when  the  former  are  in  the  state  of 


oxide,  eitlier  volatile,  fusible,  or  dissolved  by  the  ordinary  fluxes.  The  most 
general  oxidizing  agent  is  atmospheric  air ;  but  sometimes  substances  are 
used  which,  like  oxide  of  lead,  sulphates  of  copper,  or  of  iron,  nitre,  and 
basic  silicate  of  protoxide  of  iron,  yield  oxygen  at  high  temperatures. 

Thus,  for  instance,  when  a  current  of  air  is  psissed  over  the  surface  of 
melted  copper  containing  iron,  cobalt,  lead,  antimony,  arsenic,  and  sulphur, 
the  last  three  substances  are  volatilized  as  oxides,  while  a  more  or  less 
liquid  layer  collects  upon  the  surface  of  the  copper,  consisting  of  oxide  of 
iron,  protoxide  of  cobalt,  oxide  of  lead,  antimonous  acid,  and  suboxide  of 
copper,  and  the  greater  portion  of  the  copper  remains  as  almost  pure  metal. 
The  larger  the  proportion  of  lead  as  compared  with  the  other  metals  to  be 
Beparated,  the  greater  will  be  the  fusibility  of  the  mixture  of  oxides,  and 
when  the  proportion  is  small,  some  means  must  be  devised  of  removing  it, 
go  that  a  fresh  metallic  surface  may  be  exposed  to  the  oxidizing  action  of  tlie 
air.  This  takes  place  when  the  mixture  of  oxides  are  liquid,  and  the  quality 
is  not  very  considerable,  partly  in  consequence  of  tlie  convexity  of  the 
surface  of  the  melted  metal,  and  partly  by  the  mechanical  action  of  the 
blast. 

The  results  obtained  by  Berthier,  in  reference  to  the  reaction  of  metallic 
oxides  upon  different  metals  may  be  generally  expressed  as  follows ; — 

When  one  of  the  more  readily  oxidable  metals  is  melted  with  the  oxide 
of  another  metal,  there  is  always  an  oxidation,  at  least  partial,  of  the  former, 
and  the  proportion  of  oxide  produced,  is  determined  partly  by  the  relative 
amount  of  the  oxide  employed,  and  partly  by  the  degree  in  which  the  metal 
is  electro-positive  to  the  oxide,  or  the  oxide  electro-negative  to  the  metal. 

The  reaction  betw^een  oxide  of  lead  and  metallic  sulphides  when  melted 
together,  is  of  especial  importance  in  metallurgy.  When  the  sulphides  of 
iron,  or  of  copper,  or  copper  pyrites,  are  melted  with  a  sufl&cieut  proportion 
of  oxide  of  lead,  the  whole  of  the  sulphur  is  volatilized  as  sulphurous  acid, 
and  the  iron  or  copper  is  oxidized,  the  iron  probably  as  FeO  Fe^O*,  the  copper 
Ca'O,  while  the  oxide  of  lead  that  is  not  decomposed,  forms,  together  with 
the  oxide  of  iron  or  copper,  a  vitreous  slag,  which  collects  on  the  top  of  the 
metallic  lead.  Wlien  the  oxide  of  lead  amounts  to  less  tlian  twenty  times 
the  weight  of  tlie  copper  pyrites,  the  sulphide  of  copper  is  not  wholly  decom- 
posed ;  and  the  portion  that  remains  is  not  dissolved  by  the  slag  consisting 
of  oxides  of  lead  and  oxides  of  iron,  but  forms  together  with  a  part  of  the 
metallic  lead  a  matte. 

Carbonate  of  lead  acts  in  the  same  manner  as  oxide  of  lead,  into  which 
it  is  converted  by  loss  of  carbonic  acid. 

Silicate  of  lead  acts  in  a  similar  manner,  but  a  much  larger  proportion, 
and  a  higher  temperature  are  required.  The  slags  produced  consist,  in  these 
cases,  of  double  silicates  of  lead  and  the  oxide  of  the  metal  worked.  Sulphate 
of  lead  is  a  much  more  effective  oxidizing  agent  than  oxide  of  lead,  inasmuch 
as  the  sulphuric  acid  it  contains,  contributes  oxygen  to  its  conversion  into 
Bulphorous  acid.  Thus  sulphate  of  lead  melted  with  sulphide  of  lead  in 
certain  proportions,  yield  only  lead  and  sulphurous  acid.    Protosulphate  of 


\ 


030  YABIETT  OF  MELTING  PROCESSES. 


iron  and  sulphate  of  copper  exercise  a  similar  deoxidizing  action  when  melted 
together  with  sulphides. 

The  nitrates  of  potash  and  soda,  although  powerful  oxidizing  agents,  are 
both  too  costly  to  be  used  except  in  some  few  metallurgical  operations. 

Basic  silicate  of  protoxide  of  iron  [6FeO]  SiO*  is  an  oxidizing  agent 
which  is  employed  in  one  of  the  most  important  metallurgical  operations,— 
the  refining  of  iron.  The  theory  of  this  operation  is  the  following : — WTien 
iron  containing  carbon,  silicum,  sulphur  and  other  substances  that  are  more 
oxidable  than  iron,  is  melted  with  this  basic  sihcate  of  iron,  or  heated  with 
it  so  strongly  that  the  iron  softens  and  the  silicate  melts,  one  half  of  the  pro- 
toxide of  iron  contained  in  the  latter  is  decomposed  into  iron  and  oxygen, 
which  combines  with  the  above  named  substances,  the  removal  of  which 
from  the  iron  is  the  object  of  the  refining  operation.  In  this  way  the  carbon 
is  converted  into  carbonic  oxide,  the  siUcum  into  silica,  and  the  sulphur  into 
sulphurous  acid,  while  the  silicate  is  converted  from  (6FeO)  SiO^  into 
(3FeO)  SiO\ 

The  examples  already  given  will  suffice  to  show  that  the  chemical  pro- 
cesses which  take  place  in  the  melting  operations,  are  of  very  different  and 
even  opposite  natuies.  From  a  practical  point  of  view,  however,  that  par- 
ticular reaction,  which  is  most  immediately  connected  with  the  result  sought 
to  be  attained,  is  alone  refered  to  in  speaking  of  the  operation,  although 
reduction  is  always  accompanied  with  oxidation,  and  the  reverse. 

In  difierent  melting  operations,  two  or  more  of  these  processes  may  take 
place  simultaneously ;  thus,  for  example,  when  a  mixture  of  suboxide  of 
copper,  oxide  of  iron,  and  slag  containing  excess  of  silica,  is  melted  under 
conditions  which  determine  reduction,  the  oxide  of  copper  is  reduced,  and 
copper  eliminated  as  regulus,  the  oxide  of  iron  is  reduced  to  protoxide, 
which  is  dissolved  by  the  slag,  so  that  this  melting  operation  is  both  reducing 
and  solvent. 

Again,  when  ore  consisting  of  sulphide  of  lead,  gangue,  or  earthy  sub- 
stances, is  melted  with  oxide  of  iron  and  a  suitable  slag,  the  action  that  takes 
place,  consists  in  the  solution  of  the  gangue  or  earthy  substances  by  the 
melted  slag ;  the  reduction  of  oxide  of  iron  to  protoxide,  which  reacts  upon 
the  sulphide  of  lead,  oxidising  a  portion  of  its  sulphur,  which  is  volatilized  as 
sulphurous  acid  ;  while  the  iron  thereby  eliminated,  abstracts  the  remaining 
portion  of  sulphur,  and  precipitates  the  lead  as  regulus.  In  this  case,  the 
reaction  comprises  all  tlie  important  features  of  the  melting  operation. 
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its  discovery  and  manufacture  347 

uniting  to  iron  .        .        .  356 

not  to  De  confounded  with  cast- 
ings fh>m  steel 383 

Cast-iron  utensils,  how  tinned    .        .        .  306 

Cat«lan  forge 180 

forges,  blowing  machine        .         138* 

trompe 38 

Cementation 22 

Ceramic  ware  tinted  blue  by  cobalt  .  .  80 
Chain,  Berlin  iron  casting   ....  490 

blast 38 

bridges      ......  445 

-   ■    ■  piers 446 

riveting,  what  is        ...        .  460 

Chains,  their  tendency  to  crystallize  .  .  332 
Chalk  an  excellent  flux        .  .175 

separates  phosphorus  from  iron      .  175 

Champion's  sine  works  ....  591 
Chantrer's  bronze  razor     .  .        .11 

Charcoal,  how  used  to  convert  iron  into 

steel .4 

its  heating  effect        ,        .        .46 

obtained  from  beech  .        .  175 

of  peat  is  difficult  to  be  managed    43 

powder  is  unadapted  for  fur- 
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pure,  leaves  no  ashes         .        .    30 

-  smelted  iron  superior  to  coal 
smelted 5 

Charles  II.  metal  statue  .  .  .  .511 
Charring  wood  described  ....  174 
Chemical  summary 622 

characteristics  of  antimony        .    76 

changes  by  gas     ....  196 

characters  of  copper  ores   .  520,  530 

characteristics  of  iron.        .        .    56 

of  lead.        .        .    61 

. of  tin    ...    70 

of  zinc .        .        .73 

combinations  liberate  h  eat .        .    15 

principles  of  iron  production      .  182 

reactions  in  Aimaces   .  .  189 

Chemistry,  metallurgic        ....      1 

sprung  from  metallurgy    .        ,      8 

Children  employed  in  minces       •       .        141* 
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Chilled  castings          ....  203,  218 
Chimneys  of  blast-fumanes        .        .        .183 
Chimney  draught,  its  cause                 .        .35 
Chimneys   of  iron,  a  necessity  in  loco- 
motives      35 

— ; not  advantageous     .    35 

China,  ancient,  knew  how  to  work  iron      .      4 

how  early  it  used  guns  .        .  386 

Chinese  gongs,  their  alloys         .        .  627,  569 

— ; process  of  sine  smelting        .        .  591 

Chipping  tools,  what  steel  they  are  made 

from 336 

Chisels,  cast-steel 376 

Chisel,  a  mining  tool  .  .  .  .  .97 
Chlorides  and  sulphides  ....  20 
Chloride,  a  most  important  salt .        .        .23 
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of  zinc,  a  disinfectant  .        .        .  603 
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used  to  separate  metals  from  salts    23 

Choke-damp,  what  is  ....  108 

Chromate  of  copper  ....  631 

Chromateof  iron 66 

ore 165 

Chromates  of  ores  .  .  .  .  .61 
Chromium  aUcnrs  with  iron         .        .        .  298 
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its  colour      .        .        .  611 

Chrysocolla 631 

Churches  of  iron 439 

a  draign  ....  623 

Cinder  of  blast  furnaces  considered   .        .199 

Cisterns  of  lead 611 

Civilization  cannot  exist  without  iron  .  11 
Clark's  (Tiemey}  bridges  .  .  .446,446 
Clay  slate,  associated  with  copper      .        .  625 

iron  stone 6,  66 

Clay's  patent  for  refining  iron  .  .  .  264 
Clay  pot  for  steel  making    ....  34B 

prevents  the  separation  of  water  from 

minerals 21 

slate,  when   it  indicates   a   mineral 

vein 91 

Clay's  (Mr.)  working  iron,  in  large  masses  11 
Clement's  pyrometno  measure  .  .  .50 
Clerval  iron  furnace,  table  of  gases    .        .    31 

Cleveland  iron  ore 156 

Clouet's  damaskeened  steel         .        .        .  368 

Clich6s  metal 607 

Coal,  a  deoxidizing  agent    .        .        .        .17 

considered 43 

a  mixture  of  hydrogen  and  carbon    .    30 

introduced  in  the  practice   of  iron 

smelting 6 

has  more  heating  power  than  coke     .    30 
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smelted 6 
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where  roond 43 
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Coal  its  oonstitaeiits  .        .  .  171 

in  mines  undergoes  decomposition    .  105 

its  heating  power         ....  137 

the  escape  of  gas  has  blown  npresselB  110 

its  rarioas  qualities     ....  171 

mining  described         ....  171 

one  pound  raises  500,000  cubic  feet  of 

air  one  degree 188 

raw  substituted  to  coked  coal  .  148 

the  best  suited  for  converting  iron  into 

steel 341 

ashM in.  172 

coking  described  ....  171 

dust  mrown  off  by  expectoration       .  118 

fields  deecril>ed    .        .  .    90,  170 

iron  ores    .....  168 

first  imported  into  Paris  in  1520         .    44 

ftiel  compared  with  wood  .  251 

pits,  Scotch,  commenced  in  1231        .    44 

Cobalt  allojs  with  iron        ....  300 

a  compound  both  acid  and  basic      .    13 

not  a  completely  fusible  metAl         .    14 

described 80 

03ddes,  how  reduced         .        .        .17 

melting  point 63 

sulphide,  its  changes  under  roasting    20 

its  presence  indicated       .        .        .67 

reduction 80 

Cobbing  copper  ore 632 

Cog  and  rung 398 

Cohesion,  a  property  of  metals   ...      2 
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Coinage  aUojs  of  gold,  silver,  and  copper  .  &£B 
Coke  intn>duced  in  iron  smelt  ing        .        .      5 

has  less  heating  ])ower  than  coal        .    30 

superseded  by  raw  coal        .        .        .  148 

manufticture 171 

Coke  is  exceedingly  hygroscopic  .        .173 

Coking  coal  descril>ed  ....  171 

Colebrook^dale  castings       ....  398 

bridge  ....  443 

iron  gat«s   ....  5'>3 

Col(^uhoun's  analysis  of  iron  ores  .  159,  16() 
Colbery,  Blackboy,  its  ventilation      .  138* 

Collieries,  Elsecaf,  their  ventilation  .  137* 
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of  Flenu 108 

rules      ....        142,*  143» 

Colliery,  Cymmer,  its  bad  ventilation         .  137 

explosion  .         .         144* 

Felling,  its  ventilation  .        .  132,  136 

Hetton,  ito  ventihition  133,  137,  140, 

141 
■  Marihaies,  its  ventilating  machine  143 

Middle  D}'ilVyn,  its  ventilation     .143 

Collieries,  Moira Ill 

Colliery,  Morfa,  its  ventilation     .        .        .  137 

Monkwear mouth   .         .        .   113,  115 

Colliers,  number  annually  itnured  .  139* 
Collieries  of  Dur,  their  good  vent  ilation  .  108 
CoUiery,  Seaton  Delaval,  its  ventilation     .  141 

— its  ventilation  .        .        .  128 

— temperature  of  air  .        .114 

Felling,  explosion  .        .         140* 

TjTiemain,  ventilation  .        .   12S,  129 

its  ventilation  139,141,142 
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Colliers  were  slaves  before  1775  .  140* 
CoUierv  ventilation,  Monkwearmonth  .  130 
Columbium  alloys  with  iron  .  .  .  2.^ 
Colours  of  glass  and  porcelain,  how  obtained  27 
Ccdumns  of  cast  iron 433 
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how  supported 
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Combustive  functions  described 
Compass,  its  variation  in  iron  vessels 
Compression,  cylinders,  for  blowing 


Contraction  of  metals  in  cooling 
Conway  and  Mcnai  straits'  bridges     . 

tube,  its  strength    . 

Cooling  metals,  their  contraction 
Copper,  a  compound  both  acid  and  bade 
•  a  fusilue  metal 

and  tin  alloys  are  hard  . 

ferric  pyrites 

and  tin  alloys 

extracting 


heat 


bottoms  of  ships,  their  protection 
combines  with  carbon 
how  separated  from  lead 
sulphuret,  its  fusibility  . 
known  to  the  ancients    . 
separated  from  lead 
monosulphuret,  how  reduced 
oxides,  method  of  reducing  . 
melted  with  zinc  produces  great 


15 


ore  roasting <» 
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melting  point 
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determmed  by  the  blow  pipe 
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its  increased  production 

chemical  characteristics 

works,  Swansea 

mentioned  by  Moses 
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the  counties  where  it  is  found 
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melting 546 
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selling 5S7 
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separating  from  silver     .  .  554 

smelting .^^^9,  552 

English  and  continental 


compared S**"^ 

works,  continental  .        .  657 

(pure)  require  increased  heat      .  565 

and  its  alloys 565 
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Copper,  assaying,  64,  67,  68;  by  refining,  563 

smelting,  point  of  .         .        .        .  634 

and  line  make  brass  soft        .        .    16 

bean  and  feathered  shot        .        .  661 

blistered 649 

combines  imperfectly  with  lead    .  611 

containedin  lead  of  conunerce      .608 

contained  with  «ino        .         .        .  667 

mining  an  industry  distinct  from 

copper  amelting 537 

Coppull  mine  explosion  .         142* 

minmg,  it-j  history  .        .        .  149 

found  with  sulphuret  of  lead         .  609 

—  money  of  Const«ntine,  iron  found 

.  301 
.  667 
.  631 
.  533 
.  643 
.  400 
.  439 
163,  161 


in  it 


ores,  analysis  by  Berthier 

cleaning 

crushing         . 

fusing 


Corn-mill,  its  construction  described 

of  iron,  for  Ilali  Paaha 

Cornwall  iron  ores       ... 

tin  ores 670 

mines 91 


mining  commenced 
ventilating  machine 


149 
143 

102 

6,7 

147 
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Cornish  system  of  ascending  mines  is  bar- 
barous        

Cort  improver  of  the  iron  processea  . 

invents  puddling  cast  iron 

the  Nestor  of  the  British  iron  trade  . 

"  Costeening/'  a  mining  term,  explained  91,  93 
Cottam  and  Hallam's  iron  gates  .  .  603 
Cotton  grass  forming  peat  .  .42 

mills 402,  403 

.  416 

.  4M 

114 

89 

310 

313 


beams  broken 
spinning  machinery 


Coulomb  on  temperature  of  air  in  mines    . 
**  Country,"  a  mming  term,  expUuned 
Crane,  a  division  of  the  forge 

of  a  forge  described 

Crane's  success  in  smelting,  with  anthra- 
cite     148 

Cranks  of  wrought  iron  fused  .  .  .  328 
"  Craze"  stones  in  the  stamping  .  .  680 
Cressy  battle,  cannons  were  us^       .        .  387 

Crichtonite  mineral 56 

Crocket's  iron  work,  ancient  .  .  .  607 
Crompton's  invention  .        .        .        .  402 

Cross  beams  of  bridges,  their  construction  461 
"  Cross  courses,"  a  mining  term,  explained    89 

Crossfell  iron  ores 161 

Crosse's  patent  for  reducing  copper  ores 
"  Crossing  "  currents  of  air  in  nunes 
Crowder's  analysis  of  iron  . 
Crowley's  steel     . 
Crucible  described 

for  brass  making 

to  form  calcination 


Crusher  in  tin  mining  . 

Crushing-mills 

Crystals  formed  in  alloys     . 

formed  in  theseparation  of  aUoys 
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.  336 
.  69 
.  567 
.  21 
676,  577 
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-the  most  perfect  cohesive  state 
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16 
11 
326 
11 
160 
149 


Crystallization  of  iron  considered 
Crystallizing  tendency  of  wrought  iron 
Cumberland  copper  mines 

mining  commenced 

iron  ores         .        .        .  161, 162 

iron  preferred  for  annealing  .  501 

CupolA,  a  furnace 202 

CopeUation  by  the  flame  of  coal  gas  .       .    32 
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Cnpellation  process,    ite    similarity    with 

puddling 7 

Cupelling  process 70 

Custom-house  of  iron  ....  440 

Cutting  bar  iron  to  length  ....  239 
Cutlery,  French  deficient  in  grinding         .  384 

manufacture  of      .        .        .  380,  381 

the  best  way  of  keeping         .        .  878 

what  steel  they  wre  made  firom     .  336 

Cutters  for  nail-rods 247 

Cutting  instruments  tempered  in  lead  bath  379 

puddle  bars 232 

Cylinders,  blowing 186 

compression  for  blowing    ,        .    36 

moulding 208 

pneumatic,  for  elevating  mate- 
rials            185 

Cylindrical  pressure,  its  object  ...  7 
C^'prus  Island,  the  earliest  copper  mines  .  140 
Cymmer  colliery  accident  ....  137 
explosion         .        .         144* 

Damaskeened  steel 367 

Damascus  blades,  what  made  from  .  .  164 
Dancing  lights  an  indication  of  lodes  .    92 

Daniell^  pyrometer 60 

Daniell  on  melting  copper  ....  624 
Darby  and  Reynolds,  the  constructors  of 
Colebrook-dale  bridge      ....  44S 

Davy's  lamp 110» 

Davy  lamps  in  the  Schanmbnrg  mines       .110 

lamp  not  a  protection  against  white- 
damp         Ill 

Dar^s  suggestion  for  copper  bottomed 

Hhips 9 

"  Deads,"  a  mining  term,  explained  .  .104 
Dean  Forest  mining  commenced  .  140 

Decks  in  iron  ships 471 

Deflections  of  the  Conway  tube  .        .  463 

Deflection  of  iron 427 

De  la  Rive's  experiments  on  sine  .  .  692 
Delphi,  ancient  oronze  statuea  of  .  .  160 
Deodorizer,  peat  charcoal  .        .        .    4S 

Deoxidizing  agents       .        .        .        .       17,  18 

Derby  castings 603 

Derbyshire  iron  ores 161 

Desorme's  pyrometric  measure  .  .  .60 
Despretz's  experiments  on  temperature  of 

nunes 116 

De  Sussex's  patent  for  reducing  copper  ores  655 

Devizes  iron  ores 166 

Devon  mines 91 

Devonshire  iron  ores  .        .  163,  164 

Devon,  its  production  of  copper  .  .151 
Dials,  enamel,  for  watches  ....  670 
Didhng  the  ground  in  mines  .  .  .96 
Dioscorides  on  metallurgy  .        .        .12 

"  Dipping  acid  "  bath  for  brass  work         .  667 

Disinfectant  hquor 603 

Distillation,  dry  process      ....    25 

furnace  for  mercury        .        .    25 

metallic 26 

Distilling  calamine 597 

"Dilleughing"  oftinore  .  .  .  .679 
Diluvian  periods,  iron  ores  of  .  .  .  165 
Dolfrwynog  copper  ores  ....  667 
Door-handles,  ancient  ....  614 

Dorset,  early  iron  manufacture  .        .  145 

Dorset  iron  ore 157 

Dowseing-rod  for  discovering  mines  .  .  92 
"Drag"  of  the  mine,  what  is  .  .  .139 
Drainage  in  mines 90 
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Drainine  iron  mines 167 

Drakes,  Domingf  an  indication  of  lodes     .    92 

Drake  walla 670 

-  tin  ore 681 

tin  mine 676 

Dred|re's  suspenaion-bridge  .  .  .  448 
Drflling  the  cock  in  minin((  operations  .  97 
Driring  gcar»  ancient  and  modem  .  401 

Dry  meinod  of  treating  ores  .  .  .  622 
Dudoa  first  employs  acids  in  treating  tin 

ores 681 

Doctilitj  in  alloys 16 

Dudley's  patent  for  smelting  iron  .  .  146 
Dokinfield  Pit,  air  experiments  .  .  .  112 
"Domb-driit"  in  mines,  what  is  .  .  137 
Durability  a  property  of  metals  .        .      2 

Dnr  collieries,  their  good  Tentilation  .  108 

Dust  in  mines 118 

Dutch  metal  alloy 665 

Dyer's  mordants 690 

Dyeing,  blue  ritriol  for        ....  654 

Btannate  of  soda    ....  693 

use  of  tin  nitrates  and  chlorides   .  670 

"  Dyke,"  a  mining  term,  explained    .        .    90 

Ebenir  (Erasmus)  on  making  brass  .  .  692 
Ebelmen  on  gaseous  erolution  of  furnaces    32 

Economy,  mmin^ 123 

Edward  I .  prohibits  coal  burning  in  London  44 
Edge  tools,  hardening  ....  376 
Ehrenberg  on  Berlin  iron  castings  .  .  499 
Ekman's  opinion  on  the  white-loose  .        .  344 

Elba  iron  ore 65 

Island  iron  ores 165 

Electric  calamine  ore  ....  694 

Electricity  conducted  by  copper  .  .  626 
Electricalpyrometers  ....    63 

Electro-gilding 277 

Eliquation  process 661 

Elizabeth,  cast-iron  ordnance  exported  at 

her  time 388 

■        prohibits  coal  burning  in  Lon- 
don     44 

Elongation  of  cast  and  wrought  iron  .  .  420 
Ekeou*  collieries  ventilation  .  .  137* 
Emerson's  patent  for  manufacturing  brass  666 
Enamel,  for  watch  dials      ....  670 

its  colours,  how  obtained       .         .  570 

painting,  a  compound  of  copper  .  527 

Enamels,  manufacture  ....  607 
EnameUing  glass  applied  to  iron  buildings  488 

iron 619,  521 

England's  earliest  copper  mines  .  .  150 
English  wire  copper  alloy  ....  665 
Exoayation  in  mining  ....  168 

Excrements  of  miners         .        .        .        .119 

Exhalations  in  mines 119 

Exhibition  of  1851,  its  building  .        .  620 

Exhibition  of  1851,  sine  exhibited  .  .  593 
Exmoor  Forest  iron  ores  ....  163 
Expansion  of  the  Britannia  tubes  .  .  461 
Explosion  of  collieries  .       140,*  111,*  142* 

Extension  of  cast  and  wrought  iron  .  .418 
Eyes,  antimonial  cosmetic  K>r  marking  the  604 

Fabrics,  machinery 401 

Fabry's  ventilator  ....  137* 
Faber  du  Faur  accomplishes  cnpellation  by 

„g»8  32 

Faeeotiron 323 

Fdblers  ore 605 

Fairbaim  and  Lillio's  iron  roofs  .  437 
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for    the  Britannia 
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improvements  in  gearing         .  401 

iron  corn-mill  for  Hali  Pasha  439 

ventilating  buckets  .        .        .408 

riveting  machine       .        .        .473 
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Fan,  a  ventilator  ....  143, 144 


Fan-blast 
Faults  in  the  veins 

Faraday's  experiments  in  silver-steel 
Fat  mixed  with  small  coal  as  fuel 
Farrow  mine  explosion 
Feathered-shot  copper 
Feather  ore  .... 

Felling  coUiery  explosion  in  1812 
colliery  ventilation 
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Ferric  copper  pjrrites 
Files,  hardening  . 
File-making 
Files,  straightening 

what  steel  they  are  made  from, 

Finlay's  vrater-wheeLs 
Fire-damp  in  mines 
of  mines 
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Fireproof  buildings 

Fires  underground,  accidents  from 

Fixings,  what  is 399 
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Flameing  important  in  rererberatory  fur- 
naces          31 

Flax  machinery 4i>5 

Flenn  collieries  badly  ventilated  .        .108 

Flint-glass  contains  oxide  of  lead  .    27 

Floorsofiron        ....    433,434,435 

Flour-mills 401 

Fluor  spar  a  flux  ....  639,  S45 

Fluran  m  tin-mining 576 

tin  ore 579 

Flux  the  most  profitable      .        .         .        .619 
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